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METHOD FOR PRODUCING IRON BASED RARE EARTH ALLOY MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a permanent 
magnet which exhibits high coercive force and 
magnetization in spite of the low content of rare earth 
elements, and further has excellent squareness of a 
demagnetization curve. 
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SOLUTION: The molten meal of an alloy whose compositional formula is expressed by (Fe1- 
mTm)100-x-y-zQxRyMz (T is one or more elements selected from the group consisting of Co 
and Ni; Q is one or more elements selected from the group consisting of B and C; R is one or 
more rare earth metal elements including Y; and M is at least one element selected from the 
group consisting of Ti, Zr and Hf), and in which the compositional ratios of (x), (y), (z) and (m) 
respectively satisfy 10<x<17 at.%, 8<y<9.3 at.%, 0.5<z<6 at.% and 0<m<0.5 is produced. 
Next, the molten metal of the above alloy is rapidly cooled in an atmospheric gas under the 
pressure of >30 kPa to produce a rapidly cooled alloy containing an R2Fe14B type compound 
phase having the average particle size of <50 nm. Ferromagnetic iron based borides are 
present in a fine state on the grain boundary of the R2Fe14B type compound phase in a 
nanocomposite magnet produced from the rapidly cooled alloy. 
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©SWS^i 0-1 4 a t %<Dli^cfc9^:t^ 0 CCD 

j:^ft<®rsiBse*>!p6»je>nrfc9, Nd 2 Fe 14 B+g 

%£tH<b-rs*^»5K:*Jl>rB, M3*(OM^l 0 a t 

XB, *H^4,836,868^B, ll*?gSB5-9. 5 

i<bU4at%a±12at%m <fc9#*U»l8 
iibt4a t%tt±l 0 a t %OT©l5ffl^lfe^b*C 

[0059] cn^ur, t i ifimmztxt&mx 
a*«H"ca*:aBax*;i/^ (bh> ...wiut 

C<0|fij±BNd(D^Wa^8-l 0 a t%<DiB£> 
[ 0 0 6 0 ] CCD<fc 5 K#JWK«fc«h«. BrftSj&s 1 0 

[0 0 6 1 ] *«c % *«W«:j:S8aHfr±a^BBEBC!> 
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[0062] *»?8<o»js*ffi{cj:titf. mzvmi&z 

JC <fc R, F e , 4 B9f teWBfe&tt© 6 0 ttfl|Kfi( 
±fttffll»^*fWi-S. ;&«te&*©R, F e„ B 
»k«WB©WW--f Xtt«*tf8 0 n mHTTftS. 

coftJftA^wi/r, !«aB«:j£cr«nsffl«:ffftit 
«, ft&4&4>«aft# br t>fc#BJt*ftSfb«* c 

*3 0kPa«±CD#ffl5l*-c»*p-r-5. *ttec<fc9, 10 

[0 064] ^»p-^©HKHiiK*iiWtc89fiiS-i'& 
c ^P-A'fr&BhiR©^©^** 

[0 06 5] 03£#lSbft#6, XStSBSWXK:.* 

a^fegmtmrr*. H3tt % &MiBB)w>& 20 

©tS«IQBfl (Time) <b^SfS (Temp e r a t 
ure) tCDm&^m^mtm^VvyXfoZ* VvV 
Ktt, #I^XE*^3 0 k P a Wfcfc 
l»»£fcfcfcra££©»fi!BBa&> »ffl«**^E**J 
3 0 k P a *TH5^»fc«l^«cfett*££©» 
affBbi3ftWSnr*50. flM*T, «-Fefi, Nd 
1 F e 14 Bffl. fciVF e„ B,«flE>*fffl««3»H^3h 

ri^o cccTji^tDit^r^o, t „«££©# 
[006 6] H3*6to*SJ:5K:. »H»^X<DEE* 30 

tmmcm< trc^ 0 £&tt»#p-;i/©&ffij&>6iit 
ftfcfk »Ha#x«:j:orffl»w«:ac*affr?&ai3 

[0 06 7 ]-*, #B»#*©Ea>W»flWc»C>» 

a-r&ttin«mtsn&. c ©*«>«:> n d 2 f e 14 b 

♦H©*fi*s«l»JSn. SftWftN d 2 F e a4 Bt&WS6*i 
[0 06 8] C©J:5CC t 3 0kPa4Ti5J:5(C# 

[0 06 9] »c % S»«#X©E»JW!tE CttRE) 
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ffi*ft a - F e #*rlH U A»&B«»f«bW»& 
lift < ft s. 

[0 07 0] *8W#©g»K: «fcft« % ,%?^B#R:#Hm 
#*©BE*tt. 3 0 k PafiUt? L*t»E (10 1. 
3kPa) KTfc*«P , f*Ci*|f*U< i 30kPa 
fiLh9 0 k P aOT^f&KCtlTS C i*$jg«:»* U>. 
<fc»)»* U>BBtt4 0kPa£Lh60kP a«Tt* 

So 

[007 1 ] ±IE#BfWXK;t/©*><tr, P-;Ug|ffi 
J«aU«©»ff*Lt«Htt4y- h;l//# (m/#) 6l± 
5 0 m/»aTT*5. P-;l/3tfloJ9iIfi»*4 m/#«t 
9il<ft£<!:, ftJft^^K^itiS^Fe^BSft 
t^f B©f3 a B a fi^*{ b L r O * 5 t i fC ft s. -eog 
MWfflfci^rR.Fe^Baifc^tlfflBEK:** 

< ft o , as«wtt#«f s *nwsa**a. 

[0 07 2] P-^ffig3iiK#5 0 m/#<fc 0 

il<ft££, ^^OTM^ft^aiftO, R, 

Fe 14 BS^b^«ffl^«i^^«f^BUftoi*ffi*cft* 0 

*©fc«>, ISAfbilMBir»R. F e„ BStteWK) 

[0 07 31 ^JSI^JcSi, P-Jl*HB»*©MfcJff 
*LC«Htt5m/#eUb3 0m/»aTr*0, JEK 
»* U>«Btt5 m/#«±2 0 m/#aTr*i. 

[0 07 4] ftfc, *««rtt. fi»££*K:tt*&a 
-FeSttaitrttlSW SfcHftRiF e^BHt 
«WB«4rr«flNI. *S(r»tt % SMBftR.Fe^BS 

©NB^flUiA (^>TX : mHT) > ^/c{iET 

^7x»*sR»fl9cc^-cc^*i*fc^fc©<br-s. 
♦hj <b^-rsc iters. 

ffirrsttfltiw-rs^ABBtjftaorR, f e x , bm 

fk^BrtB* 6 0 (MXJBLbStf «fc 9 L 
tiS/cfe, *©»©IS«tB«ffl|-C a - F e ^ffl^bb 

[007 6] ttK#BBrffil^B!H^BJ«©J:9(c 
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(etna. ^ag»©»«aK*^KffiTs«-cR, 

Fe„ BMiteVmotffiltmifiQ 0 *> ft 

S»*H^fe*ffi«l/J: J >i-rS4. R,Fe„B5Ht 
GtoWMK a - F e Sfctt*©tfB(t*i» < Wttibr 
l/*l>. ^©&©*§jyb3y&a«:«fc»K a-Fe*B©ffl 

[0 07 7] JiLh©t£rt>6. S£*> ?sx>#V>vh 10 

WE©fi8»****:stt4K:B, £££?a©&*p«g£ 

if*. &&»@^©;*:8&##7*rt'7 t xtBfc: <fc o r 
A* 6ti S J: 5 fttt^K Ltc&> ^©7**7 7 **B*> 
^tfiAfkMUeatO: 9 %}-K.®iM1t$ftlLW8imJ&? 

[0 07 8] C©fc©. 7*Jl/7 7X£fi£fi£fC<gft;rcL 
a4B«4^K8SJnU. *©IB|ste£©8»4J&»-r.& 20 

nm!Ig©^ftfc©£TS^#«Si*ftTl>S (w. 
C.Chan, et.al. "THE EFFECTS OF REFRACTORY KCTALS 0 
N THE MAGNETIC PROPERTIES OF a-Fe/R, Fe, , B-TYPE NA 
N0C0MP0STTES", IEEE, Trans. Mac*. No. 5, INTERMAG. 
99, Kyonqiu, Korea pp.326S-3267, 1999) . ftfc. C 

©axa. t i KEom^&m^msmn (2 a 

&Nd©ilaJ££b$£9. 5 a t %«t «J 1 1 . 0at% 
icmiMZ # & t £ # N d , F e , , Bt@fc<fc a - F e fB 

ijBfflb£^©$Al». Wtttl (R,Fe„B^Fe 
S B) ©£(S£JWJU Nd,F e,, BtBfc<£t>*a - F e 
ffl© 2 *B©#*> 6 ft * 8E*fl*r * fcAKff ft ton-c 

[007 9] CftfcStU *««-C«. ^fiDT i ©g4£ 
CCJ: 0 . aMMHSEE-Ca - F e «©*rlH4««.. B«t 
B. ifeifb^SI«fc:teW.S&2«Kb'BJ*> a - F e ffl 40 
ft £©tcS8ttB©ffl*^b*»W-j- 5 c £#-?* 

[0 08 0] $|£BBK«fc*aB. #±JS5n^S*stkt8W^ 
ftU (9. 3at%HT) gm£&*mWj:1fit>. t&it 

[0 08 1 ] !?&©.£ 5 tc. ##8Wtc£SJK;5©&lBtfj 
tgJntt. Nd.Fe,, BtBfc&^Ig-Cg&ffJfCflr W • 
$SStJ\ ^fttcj^TNd.F e,,BtB©tfc»Jt$* 
iittlSif ft*5e». 0*> LfflBttffl©ffl*{fc*ffllWt,fct 
tKiotHfrS. Sfc. SfkcDWUtt. Ti©»* 50 
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[0082] ±iE©«k^«CL.-Cff 6hfcll^^fe«:*tL/ 
TB. sfcRfcie&T. IHMkMl&S£?f&<.\ R,Fe 
,,BSMt£»B. WbfttB. *JJ:c>'a:-FetB£^t?3 

tt&ii 1 0 n m«± 2 0 0 n m«T, WUBrflfe J:C/a 

- F e fl©¥$ttAttStt 1 n m fiLh 5 0 n m«Ti ft 

z£?Kmmm&*sJ:ifvmzmw-rz>. r, f e „ 

Bffl{b^»tB©WttJlttS»aflr3 0 n m£U:£ftS 
**. J: o r B 5 0 n m«±Jeft 5IHtgjffl-?> a 

- F e tBft £©«aSttfB©¥^tSStKSB 3 0 n mfelT 
ift6Ci*s^<. «SW(CB»nm©^*§K:L,*ift 
^ftl». 

[0083 ] fkJ^KlftSaESCCteWiR, F e,.Bift^ 
tIfB©¥tt|^ B B B «llSB a - F e ffi©¥$ft£ttS «t 0 4> 
04B. C©S8S©^JiiHttl4^«:^L-Cl» 
@4^F>fc*^<t'5K 1 ^BMWJC^ftR.Fe,, 
B mi k^ft«©m«:«iittW»ttffi*»»ft o u r 
1>S. C©<fc^{CR J Fe 14 B^k^!BJtB©^^1>--/X 
#tt«»W:#i»*l^-c*->-ct>. i>:iiStB©¥i*iiJ--rx 

©ftJBtt*SVf C t V DJSfeKft & . 
[0084] *|BM©iai*ffi«:«fcS*B^. ^©J: 5 
KWk»5£j£3*l-£-n>g&B. R ; F e„BHk^ 

tf c i iftSfc*. c ©UJ^itell{b&Mg-cffe©7cJ8 
i^i/T^m •^gu-^-r<ftafc»r*ai#A6 

^i<6©7cis*sfe^UT. »{b©fi<fWb^«*^jas*i 

[0085] *I6?B#©*K(C «fcti«. T i *^JDL//c 
V. Cr, Mn. Nb, Mofti*©ffi©S« 

©&M*»*ai/fc»^ia40. ®^b©<gr*5£(;-r. 

tfl/5»^b*^]±-r*Ci*s*>*>->ft:. */c. M m«: 
T i ) =£SSttlL/fcJi^K:B. ^©ffiO^Pjc^iib 

««ft«l©fll*tt*«»K^ffft«,©tftofc. Ch 
6©t iS{b©<6^Wb^©^fiX^JU*UTS±r 
T i ^(cMSftgJ* ; £rL'-C^-5>£^x.6n-5„ ^5C. 
*»MTffll>SJli(»^©aJiR«ffl©5%. 
T i Mb$56<jK:^ftt>lt^B. M^aitc«j;oT?tfiStt5: 
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fry rmmmttm^PL. m&ftote&mmm 

[0 0 8 6] «T\ msmMLK&tb, t<D&*£*) 
[OO87]05te, T iZmiMLtcmS, toit>\ T 

mx&z,, t i *®MLtcm&\*. a-Fetmrnz 

*tu Nb, v 4 c rtet'o^mTtrnzmmbtcms 
a-F etmitit^x^rjijtn^M^u&mm'^ 

[0 08 8] Nb, Mo, W£g^U/c*a££t& 

mm^tix^tj:i\ ttc, ^m^M&xmmmzn 
sawassu m±\t?z>o cote®, &mmm 
[0 08 9] t i zmniistcmste. mimic £ 

0, R 2 F ex.BM^tB, ftffifflbttft a-Fe 
*B, te£V7*fry r MM^ts+say#is>> h«jg 

^JOL/cii^J. a - F e tB<D^S^}qj$ij^n^o 

[0090] v-^c r zmmLtcmstt. cnzcomm 

&m&F e (c@«U F e tR^Mitmc^t Ztc 
$it#*t<{£TLTU£5 0 £/c, V^Cr^ 

[0 0 9 1 ] C<DJ:MCT i £^JDb?di£CD^ a- 
Fetg(Dfl^b^:^WWJL, ®ffi£<D&SWtt?£ 
^-r^C<b^nJ^^€» 0 Tit*. «#,^«f 

teF eW& (f*CCa - F e r - F e ) ©SB 

&?*l£©ft:*ltiljg£ 1 0 1 *C/#- 1 0 s 'C/#gS© 
R 2 F e 14 BM^ B B B tB<hT^^^T^B(b^ 
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[0 092] 64»»*fi»Lrm^*9SSffii 

t y xji/tf 7 * xtc i&«a<z>aai»jtBi4tf<c*> 

fit>#ffiT*S. R - F e - B£*±S££©jgi!«:X 

xr^vrMtt^m. mn. b («b«) *iom 
io T-««±»ftrrs!i:*^*&. t©j:^£B££<g5jjn 

Sk»ttfflt?*SNd I Fe I3 B3*HWliItS/c«). 
ftftfltttaffltt^ *©IS*. ®®tefB©f* 

fflJt*#ffiT 0 , l&lbOffiTtoJ: N d , F e , 4 B «© 
fi«EJt*©fiT«:<t0. ««*©*«ftfiT*ffl*-r 

So 

20 [0 09 3] «: ^ ft»£&#7*JV:7 r X*B££< ^ 
t*m$£*)i>. Nd,Fe 14 Bffl**<^ttfi8K:*5 

H^tfJKiAAaNd^e^BtBOftatt^tt. ±» 
©*»«±, tt 6 0 #8ta«±fc & S C <b 

Jll^ C©6 0ttS%£l>5ffifct yxrC'JT-*'* 

[0094] [jmommti] ^©^s^b 
(a*) ^e>*jffisns^ afctt, Bto<fc^c 

[0 0 9 5 ] QCD«SEJ:b$x^ 1 OK^KJMTK&S 

0, *©»^!»^4MUrfe4 8 0 kA/m*»l©H 
**tfc«W$l^ h V 7* • + tXFffi4Sfflr*4< ft 
Q©ttJaEtWx3&S2 0Bl : ?-«*jHA5i, fei&tM 

2 0jOR : f%KT44S<fc^K:K3E-rSC<!:^tf 
±1 7M*%«T?&£o 

[0 096] Rtt, «±3Btc^ <Y**tO cr>gf^6>S 
50 cXCe*jlKiW«:^a«:iiCi^»*U^. /c/a, 3t 
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»D L a *>C e (0. 5 SWT) WoJieWCCgA 

-rSS^tt, La*Ce*^»flWcSSttt>£l»jl.*. 
[0 09 7 ] Rtt % «fc9W*Wfc«> PrJ/diNd^: 

»*Dy*J<fcV/*fcttTbr«J«yr*>J:C». R<Dlfl 

afc#rffl*1\ 48 0 kA/mH±OS8*H eJ *ft5 10 
C£#r*fc<ft*. *fc, R0ttStt*y#l 
X6LWcft*fc. *B144tf4l»lft«*a-Fe 
©S^WSTT*. ttcc, #±^*R<D«l£Jt*y 
tt8JH*KJ£LLl 0K-?%*i»©iBH, W*tt % 6^ 

*<J* *«>#SU>R©ttllB8. 3JR?-KfiU:9. 0 

gH^fciTra*. 

[0098] mm^MTvmM^ t i ^?g<b 

0, ISfcZ rfcitf/SfcBH f *^-CC>XfcAt\ 20 
T i B, B}aL/cJS**f#S/c»«c«^©7£«-C* 

H) .„*r&j±3#S. 

[0 09 9 ] £M^M<7>ffi$Jt$ z #£ft<D 0 . 5 

o . 5 w&%&± 1 2 m*%&CF<Dmm t-tzcttm 
su>. £*)H£Li<>z<Dmm<DTmte\ . o^%t? 

*0. <tO»*0^z©«5HO±IR»8. OMWC* 
*. 

[0100]*fc, Q©ffl^tb$x#m>«<fc\ Q <« 
*.«■*) tiWK^tfT^^T^tBaWKiatShW 

U». JlftftKB, z/x^O. l£ii§i£3tf£J:5CC 
&mtm£ffiB?Z>C±f)W£L<, z/x^O. 15 40 
£S8£$tf*t£#cfc9#£U>. 
[0 10 1] ft*. Ti»«fc#*U>tt**"r*fc 

£f57C&MBT i *#r*tfC4#W*U>. CO 
i§£, ^^M£#K*hr*T icofd^ (JEWtSO 
B, 7 0%feLb-C*-5Ci*«»*L/<, 9 0%«±r* 

[0102] Felt ±»©7C*©3«J&fc4Atf>5 
F e €>-gI5£C o feJ:tfN i <D-m£tdct-m<D& 

v&mjm (t> ra*Lr«>afaow»a«tt*»& 

Ci^^„ FeCC»-raT©Sft»^5 0%4iBA 50 
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*&. 0. 7T«±©*l*»IB8B»afRB r jW»6tia 
l> 0 c<Dfc«>> Sft«ttO%#±5 0%OT©«SHK:R 
StSCiWSlK ft*s, F e<D-§P£Corg& 
•J"*C±fc<fcor % «»fl»&ft«tt#fi±**i±fc 

R.Fe^Btao+^y-sK^iif-rsfcft. it 

«rtt^±"T5. CoCC<fc*Fe«ft*©ff*bl>*H 
B0. 5%J£Lb4 0^felTr*S. 
[0103] JfcK. *»W<Z»f * Ol»l8»»!B*»Wr 

[0104] [ffiMttSB] *WB«riat l 

«MbU*>-n»«±Ric«R^F e *£&Jg»»££©iMb 

©»*x^fflR*fflc**ci3»Jr#s. ftfe\ 

±^^R<f:J:b$^Cj®£L^-rt>/c^ 'sy-JASfc 

[0105] B60JSBB, X£*fctt*ffitt#X#H 

©««Sl*J<J:Cffll»S2*«^T^S. (a) B 
£*fltoRBr*0. ^6 (b) B> -BK>i£*Hr* 
*. 

[o 106] ^6 (a) «c*sns«t5«c. mmm 

B* »fa<D»S^jfflfi£k: ft * J: 5 fcE£ 3 ftftM* 2 

o*Kfifcr«»rss«j!F3£, fiaccma^xjus 
3 * it»om^mmt^m s t 

[0107] fttt£2K, ffl»yX;b5^6tU/cje»2 

[0108] c^Kcfc^rit i tectc/Si» 
S2rt(o#s«^^a f ^cDii^^Bff^cD«Gffl^^3n 

*. Z<Dtctbi<t, #H^W/*{R*&P1 b, 2b, fcjctf 
8bi^X»»Pla, 2 a, feJrCf 8 a i^gflDS 
«Jft«BfK:Rtf6tlT:c»*. »«:*X9l»P2att 1 ft 
?M62rt©IB»ffit 3 0 k P a -SE (*«EE) <D®M 

[0 1 0 9] S»jF3ttttttlflffiT*!K P-h6^r/r 
LTjft»2 !*«««»4rtK:aLaBEafii&. iSS2 1 
BSfiSSS 4 AKtet^rTH^ftayfiBK cfc o r ton 

[0 110] Bf*SS4©ffl»yX;i/5 tt, MR^l i 
ft»S2iflWBS«cBlSti, RfiWSS4rtO«a2 1 

S^X;l/5©^'J7^S», WjitfO. 5-2. 0m 
m-C^'S. «A2 1 ©*5tt^#Ci»^ %»2 1 Btt 
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MSI 4ft»S2 4©IBCCBE*ll3We«Sn, &?S2 1 
©a»#XA-X«c»rSftS. 

[oiii] &m->u a. Kk£gws<D^^ a i £ 

Cu, Fe, 4;M*Cu*Fe4^^fr&«Jfi*S 
C£j&*#*U>. Cu*>F eH^Otttt-CJ&aiP-iUft 

»*l/<ftl>. ^*PP-^7©flISttWiLtf3 0 0-5 
OOrnmm, ^aP-;l/7rtCCi9:Wc*^iB©7jc 

[oii2] H6(C7n-rsa«c<fcn«, o 

ks 1 0-2 0ftntftftHB3tt&C£ 

$ : 10-30 0/zm, H : 2mm^3mm(DMIS 

[0113] [-ffif*m»s] **\ «r»DjHjaar»3i 20 

$ ft & S»^fecr)«» 2 1 0 > m 6 £>?gft?g 1 <D 

tf®®%4icmz6 0 vac* comtzitttiMsxfr 

5 * 6«E A r #B»*<D*ft p - rt* 7 ±fc Hffl S ft . 
^n-^Tfc^MKJvtAfcSft, ^ST^> 0 ft 
#«B#a£bTW\ »*PiSR*iapH!aK:*|iair*S* 

[0114] #gQ6JI5fi8©»£, ft»2 1 (WMWBBK: 
IBl/r, ffiBfiiS* 1X10^1X1 O'iC/Win 
Ci3&s»*l/< % lxi0 4 -lxi0 8 'C/»it^C 
<fc#MK*F*W». 30 

[0 115] ££®8S2 l*sj»D-;b7{cj:otft 

ft. ®^tt.«©^«^ipp-;U7^6iaift, *r£tt 

#Ba#Xfc***bftS*iS k *<DiBKttiSci6T-f 
t^ittt, *Ha^Offi**3 0kPa-«E 
©aMrtfcRELTi>*fctf>. *H»#XfcJ:SlHI&» 
»3W«i* f5 , ^#*{C NdjFen BSMb£**$H* 40 

t i tjiao^Mimn^^miMbx^tji^m^^ 

[0116] *H*S»S8r«, P-^ffiiia* 1 0 m 

#£3 0kPafcU:K:-rSC£KJ:or, ¥^I4S8 0 
n mSLTomtX RJe 14 BSf b£«ffl* 6 0 &m% 50 
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[0117] *^Tm>&£&tt*©ftft& 
JJ&©tfP-^ffifclR£3ftr* SRP-^ffi. 

«c*>*c^sr*sx h y ^+tx h& Mtctt, p 

[0118] ±BBft»ffi©*-Cfc, XF'J^^tXh 

ffi©^itKtttb«W(5< , 1 0 2 - 1 0 5 'C/#r* 

Jj|]0«rt»»£*\ tc^T icDRbOCCCr, V, Mn % 
Mo, Ta, *5<tCX/*feWW*a8JDO/c»^{C« t X 

[0119] [mm] xmrntrnvte* mm&rfr 

2 0 V/fPt bX % 5 5 0 "C£U:8 5 0 'CWF(D 

mBK3Q9a±2oa&Tommii>it& muz 
r«*srrs. comment % r^yy^m^c 

atttftBffjftftSftS. *«BBCc<fcfttf, 8*g©B!te 
»Ar RK «B«t N d 2 F e J4 B &»&*§#£#© 6 0 
*«lX6U:»abrc a - F etB^ffeOSSffl 

©fl^b^»J 8ft, NdJe l4 B mm&WM<D& 
MMfitB (Dc^tttB) ^^-ccJMB^bSftS. 
[0120] IMMaiaa#5 5 0°C^TlHl^<b, 

IIMB«UW8 5 0X;«jBil«& 1 SflWE*B©tt 

±8 5 0 TCHTaWff* J: UdResaE 

©$5H«5 7 0'C«±8 2 0'CIUTV$>& 0 

[0121] tmsrtt, »n»^fcj:ar»»*i«* 

^CD/ci?>, ft»^ttJ5c^^S<DNd 2 Fe 14 BMb 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] an empirical formula — 100 (Fel-mTm)-x-y-zQxRyMz (one or more 
sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce substantially, M is the metallic 
element chosen from the group which consists of Ti, Zr, and Hf. The 
quenching alloy for iron machine rare earth alloy magnets with which it 
is expressed by at least one sort of metallic elements which surely 
contain Ti, and the presentation ratio x, and y, z and m are satisfied 
of 10< x<=17 atom %, y< 6 <=9. 3 atom %, 0. K=z<=6 atom % and 0<=m<=0. 5, 
respectively. 

[Claim 2] The quenching alloy for iron machine rare earth alloy magnets 
according to claim 2 with which it had the organization which contains 
an R2Fel4B mold compound phase and an amorphous phase, excluding alpha- 
Fe substantially, and said R2Fel4B mold compound phase forms 60% or more 
of the whole at the rate of a volume ratio. 

[Claim 3] The quenching alloy for iron machine rare earth alloy magnets 
according to claim 2 with which an R2Fel4B mold compound phase with a 
mean particle diameter of 50nm or less is contained more than 60 
volume %. 

[Claim 4] The quenching alloy for iron machine rare earth alloy magnets 
which has the organization which starts the growth of a compound crystal 
phase which is produced by cooling the alloy molten metal containing Fe, 
Q (one or more sorts of elements chosen from the group which Q becomes 
from B and C), R (R being rare earth elements), and Ti, and has the 
R2Fel4B mold crystal structure before growth initiation of an alpha-Fe 
crystal phase by heat treatment including an amorphous phase. 
[Claim 5] The process which produces the alloy molten metal containing 
Fe, Q (one or more sorts of elements chosen from the group which Q 



becomes from B and C), R (R is rare earth elements), and Ti, The process 
which produces the coagulation alloy which cools said alloy molten metal 
and contains an amorphous phase, and by heating said coagulation alloy 
The manufacture approach of the iron machine rare earth alloy magnet 
which includes the process which makes the growth with the R2Fel4B mold 
crystal structure of a compound crystal phase start, and makes growth of 
an alpha~Fe crystal phase start after that. 

[Claim 6] The manufacture approach of the iron machine rare earth alloy 
magnet according to claim 5 which cools said alloy molten metal using 
the strip cast method. 

[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture 
approach of an iron machine rare earth alloy magnet of having two or 
more ferromagnetic phases especially, about the manufacture approach of 
the permanent magnet used suitable for various motors or an actuator. 
[0002] 

[Description of the Prior Art] In recent years, in the device for 
household electric appliances, OA equipment, electronic autoparts, etc., 
much more high-performance-izing and small lightweight-ization are 
demanded. Therefore, about the permanent magnet used for these devices, 
it is required that making the engine-performance tare quantitative 
ratio as the whole magnetic circuit into max should be called for, for 
example, a residual magnetic flux density Br should use the permanent 
magnet more than 0. 5T (tesla). However, depending on the conventional 
comparatively cheap hard ferrite magnet, a residual magnetic flux 



density Br cannot be carried out more than 0. 5T. 

[0003] As a permanent magnet which has current and the high residual 
magnetic flux density Br beyond 0. 5T, the Sm-Co system magnet produced 
by powder-metallurgy processing is known. Except a Sm~Co system magnet, 
the Nd-Fe-B system magnet produced by powder-metallurgy processing and 
the Nd-Fe-B system quenching magnet produced by the melt quenching 
method can demonstrate the high residual magnetic flux density Br. The 
former Nd-Fe-B system magnet is indicated by JP, 59-46008, A, and the 
latter Nd-Fe-B system quenching magnet is indicated by JP, 60-9852, A. 
[0004] 

[Problem (s) to be Solved by the Invention] however, any of Sm and Co 
from which a Sm-Co system magnet serves as a raw material — although — 
since it is expensive, it has the fault that a magnet price is high. 
[0005] In the case of a Nd-Fe-B system magnet, since it is included, 
using cheap Fe as a principal component ((30 % of the weight - about 70% 
of the weight of the whole), compared with a Sm-Co system magnet, it is 
cheap, but there is a problem that the costs which the production 
process takes are high. One of the reasons nil why production process 
costs are high is that a large-scale facility and a great process are 
needed for the separation purification and the reduction reaction of Nd 
for which a content occupies ten whole atoms % - 15 atom % extent. 
Moreover, when based on powder-metallurgy processing, the number of 
production processes surely increases. 

[0006] On the other hand, since the Nd-Fe-B system quenching magnet 
manufactured by the melt quenching method is obtained at the 
comparatively easy process of a dissolution process -> liquid cooling 
process -> heat treatment process, it has the advantage that process 
costs are cheap compared with the Nd-Fe-B system magnet by powder- 
metallurgy processing. However, since it is necessary to mix with resin 
the magnet powder produced from the quenching alloy, and to form a bond 
magnet in order to obtain a bulk-like permanent magnet when based on a 
melt quenching method, the filling factor (rate of a volume ratio) of 
the magnet powder occupied to the fabricated bond magnet is at most 
about 80%. Moreover, the quenching alloy produced with the melt 
quenching method is isotropy magnetically. 

[0007] From the above reason, it has the problem that the Nd-Fe-B system 
quenching magnet manufactured using the melt quenching method has low Br 
compared with the Nd-Fe-B system sintered magnet of the anisotropy 
manufactured with powder-metallurgy processing. 

[0008] As the technique of improving the property of a Nd-Fe-B system 
quenching magnet, it is effective to add complexly at least a kind of 



element chosen from the group which consists of Zr, Nb, Mo, Hf, Ta, and 
W, and a kind of element chosen from the group which consists of Ti, V, 
and Cr at least as indicated by JP, 1-7502, A. Although coercive force HcJ 
and corrosion resistance improve by addition of such an element, the 
effective method of improving a residual magnetic flux density Br is not 
learned besides improving the consistency of a bond magnet. 
[0009] In the case of the Nd-Fe-B system magnet, the concentration of 
rare earth elements has a presentation low in comparison, i. e. , the near 
presentation of Nd3. 8Fe 77. 2B19 (atomic %), and the magnet ingredient 
which makes a Fe3B mold compound the main phase is proposed (J. de Phys, 
such as R. Coehoorn, C 8 and 1998, 669-670 pages). By performing heat~of- 
crystallization processing to the amorphous alloy produced with the melt 
quenching method, this permanent magnet ingredient has the metastable 
structure formed from the fine crystal aggregate with which the Nd2Fel4 
B phase which is Fe3 B phase and hard magnetism which are soft magnetism 
is intermingled, and is called the "nano composite magnet. " Although 
having the high residual magnetic flux density Br beyond IT is reported 
about such a nano composite magnet, the coercive force HcJ is 
comparatively as low as 160 kA/m - 240 kA/m. Therefore, use of this 
permanent magnet ingredient is restricted to the application from which 
the magnetic operating point becomes one or more. 
[0010] Moreover, various metallic elements are added into the raw 
material alloy of a nano composite magnet, although the attempt which 
raises magnetic properties is made (JP, 3-261104, A — ) A U.S. Pat. No. 
4,836,868 number, JP, 7-122412, A, The international public presentation 
official report W0 003/03403 of international application, wcChan, and 
et.al."THE EFFECTS OF REFRACTORY METALS ON THE MAGNETIC PROPERTIES OF 
alpha-Fe/R2Fel4B-TYPE NAN0C0MP0SITES", IEEE, Trans. Magn. No. 5, 
INTERMAG. 99, Kyongiu, Korea pp. 3265-3267, 1999, Sufficient 
"characteristic value per cost" is not necessarily acquired. 
[0011] This invention is made in view of the above-mentioned situation, 
and the place made into the purpose is to offer the manufacture approach 
of a permanent magnet that an iron machine alloy magnet with the 
outstanding magnetic properties with which are satisfied of residual 
magnetic flux density Br>=0. 85T can be manufactured cheaply, maintaining 
high coercive force (for example, HcJ>=480 kA/m). 
[0012] 

[Means for Solving the Problem] the iron machine rare earth alloy magnet 
by this invention — an empirical formula — 100(Fel-mTm)-x-y~zQxRyMz 
(one or more sorts of elements chosen from the group which T becomes 
from Co and nickel — ) One or more sorts of elements chosen from the 



group which Q becomes from B and C, one or more sorts of rare earth 
metal elements with which R does not contain La and Ce substantially, M 
is the metallic element chosen from the group which consists of Ti, Zr, 
and Hf. It is expressed by at least one sort of metallic elements which 
surely contain Ti. The presentation ratio x, y, z, and m, respectively 
10< x<=20 atom %, y< 6 <=10 atom % 0. K=z<=12 atom % and 0<=m<=0. 5 are 
satisfied, two or more kinds of ferromagnetic crystal phases are 
contained, and the average size of lOnm or more 200nm or less and a soft 
magnetism phase has the average size of a hard magnetism phase within 
the limits of lnm or more lOOnm or less. 

[0013] In a certain desirable operation gestalt, the presentation ratio 
x, and y, z and m satisfy 0. 5 <=z<=6at°/o 8 <=y<=9. 3at% 10<x<17at%, 
respectively. 

[0014] In a certain desirable operation gestalt, the R2Fel4B mold 
compound phase, the boride phase, and the alpha-Fe phase are 
intermingled in the same metal texture. 

[0015] In a certain desirable operation gestalt, the diameter of average 
crystal grain of said alpha~Fe phase and a boride phase is lnm or more 
50nm or less. 

[0016] In a certain desirable operation gestalt, said boride phase 
contains ferromagnetic iron machine boride. 

[0017] In a certain desirable operation gestalt, said iron machine 
boride contains Fe3B and/or Fe23 B6. 

[0018] In a certain desirable operation gestalt, the presentation ratio 
x and z satisfy z/x>= : 0. 1. 

[0019] In a certain desirable operation gestalt, the presentation ratio 
y of said R is below 9.5 atom %. 

[0020] In a certain desirable operation gestalt, the presentation ratio 
y of said R is below 9.0 atom %. 

[0021] In a certain desirable operation gestalt, thickness has 10- 
micrometer or more thin band configuration of 300 micrometers or less. 
[0022] Disintegration of said iron machine rare earth alloy magnet may 
be carried out. In this case, as for the mean particle diameter of a 
powder particle, it is desirable that it is [ 30 micrometer or more ] 
250 micrometers or less. 

[0023] In a certain desirable operation gestalt, coercive force HcJ>=480 
kA/m and the magnet which has the hard magnetic property of residual 
magnetic flux density Br>=0. 7T are obtained. 

[0024] Furthermore, with a desirable operation gestalt, the magnet which 
has the hard magnetic property of residual magnetic flux density 
Br>=0. 85T, maximum energy product (BH) max>=120 kj/m3, and proper 



coercive force HcJ>=480 kA/m is obtained. 

[0025] The bond magnet by this invention fabricates the magnet powder . 
containing the powder of the above-mentioned iron machine rare earth 
alloy magnet by resin. 

[0026] The quenching alloy for iron machine rare earth alloy magnets by 
this invention an empirical formula — 100(Fel-mTm)-x-y-zQxRyMz (one or 
more sorts of elements chosen from the group which T becomes from Co and 
nickel — ) One or more sorts of elements chosen from the group which Q 
becomes from B and C, one or more sorts of rare earth metal elements 
with which R does not contain La and Ce substantially, M is the metallic 
element chosen from the group which consists of Ti, Zr, and Hf. It is 
expressed by at least one sort of metallic elements which surely contain 
Ti, and the presentation ratio x, and y, z and m satisfy 10< x<=20 
atom %, y< 6 <=10 atom %, 0. K=z<=12 atom %, and 0<=m<=0. 5, respectively. 
[0027] In a certain desirable operation gestalt, excluding alpha-Fe 
substantially, it had the organization containing an R2Fel4B mold 
compound phase and an amorphous phase, and said R2Fel4B mold compound 
phase forms 60% or more of the whole at the rate of a volume ratio. 
[0028] With a certain desirable operation gestalt, 10<x<17at%, 8 
<=y<=9. 3at% and 0.5 <=z<=6at% is satisfied, and an R2Fel4B mold compound 
phase with a mean particle diameter of 50nm or less is contained more 
than 60 volume %. 

[0029] The quenching alloy for iron machine rare-earth-alloy magnets by 
this invention is produced by cooling the alloy molten metal containing 
Fe, Q (one or more sorts of elements chosen from the group which Q 
becomes from B and C), R (R being rare earth elements), and Ti, and has 
the organization which starts the growth of a compound crystal phase 
which has the R2Fel4B mold crystal structure before growth initiation of 
an alpha-Fe crystal phase by heat treatment including the amorphous 
phase. 

[0030] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention The process which produces the alloy molten 
metal containing Fe, Q (one or more sorts of elements chosen from the 
group which Q becomes from B and C), R (R is rare earth elements), and 
Ti, The process which makes the growth with the R2Fel4B mold crystal 
structure of a compound crystal phase start, and makes growth of an 
alpha-Fe crystal phase start after that is included by cooling said 
alloy molten metal and heating the process which produces the 
coagulation alloy containing an amorphous phase, and said coagulation 
alloy. 

[0031] With a certain desirable operation gestalt, said alloy molten 



metal is cooled using the strip cast method. 

[0032] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention an empirical formula — 100(Fel-mTm)-x-y- 
zQxRyMz (one or more sorts of elements chosen from the group which T 
becomes from Co and nickel — ) One or more sorts of elements chosen from 
the group which Q becomes from B and C, one or more sorts of rare earth 
metal elements with which R does not contain La and Ce substantially, M 
is the metallic element chosen from the group which consists of Ti, Zr, 
and Hf. It is expressed by at least one sort of metallic elements which 
surely contain Ti. The presentation ratio x, y, z, and m 10< x<=20 
atom %, y< 6 <=10 atom %, 0. K=z<=12 atom % and the process at which the 
molten metal of an alloy which satisfies 0<-m<=0. 5 is produced, and by 
quenching the molten metal of said alloy, respectively The cooling 
process which produces the quenching alloy with which an R2Fel4B mold 
crystal phase and an amorphous phase are intermingled, Said quenching 
alloy is crystallized, two or more kinds of ferromagnetic crystal phases 
are contained by it, and the average size of a hard magnetism phase 
includes the process in which the average size of lOnm or more 200nm or 
less and a soft magnetism phase forms the organization which is within 
the limits of lnm or more lOOnm or less. 

[0033] With a certain desirable operation gestalt, the quenching alloy 
which contains 60% or more of R2Fel4B mold compound phase at the rate of 
a volume ratio is produced in said cooling process. 
[0034] In a certain desirable operation gestalt, said cooling process 
quenches the molten metal of said alloy in the controlled atmosphere of 
30 or more kPas of pressures, and includes producing the quenching alloy 
containing an R2Fel4B mold compound phase with a mean particle diameter 
of 50nm or less. 

[0035] The front face of the cooling roller with which said cooling 
process rotates said alloy molten metal in a certain desirable operation 
gestalt is made to contact, after the process which forms the alloy in a 
supercooled liquid condition, and the alloy in said supercooling 
condition separate from a cooling roller, heat is taken from the alloy 
in said supercooling condition with said controlled atmosphere, and the 
process which grows said R2Fel4B mold compound phase is included. 
[0036] With a certain desirable operation gestalt, heat-of- 
crystallization processing is performed to said quenching alloy, the 
organization containing three or more kinds of crystal phases which 
contain an R2Fel4B mold compound phase, >an alpha-Fe phase, and a boride 
phase at least is formed, and the process which sets the diameter of 
average crystal grain of 150nm or less and said alpha-Fe phase of 20nm 



or more, and a boride phase to lnm or more 50nm or less for the diameter 
of average crystal grain of said R2Fel4B mold compound phase is included. 
[0037] In a certain desirable operation gestalt, said boride phase 
contains ferromagnetic iron machine boride. 

[0038] In a certain desirable operation gestalt, said iron machine 
boride contains Fe3B and/or Fe23 B6. 

[0039] With a certain desirable operation gestalt, the molten metal of 
said alloy is cooled using the strip cast method. 

[0040] The manufacture approach of the bond magnet by this invention 
includes the process which prepares the powder of the iron machine rare 
earth alloy magnet produced by the manufacture approach of the iron 
machine rare earth alloy magnet one of the above, and the process which 
produces a bond magnet using the powder of said iron machine rare earth 
alloy magnet. 

[0041] With a certain desirable operation gestalt, surface treatment is 
performed on the surface of powder. 

[0042] With a certain desirable operation gestalt, surface treatment is 

performed to the bond magnet. 

[0043] 

[Embodiment of the Invention] The iron machine rare earth alloy magnet 
of this invention cools the molten metal of the rare earth-iron-boron 
system alloy containing Ti, and is formed from the quenching alloy 
solidified by it. Although this rapid solidification alloy contains a 
crystal phase, it is heated if needed and crystallization is advanced 
further. 

[0044] By adding Ti to the iron machine rare earth alloy which has the 
presentation of the specific range, this invention person controls a 
deposit and growth of the alpha-Fe phase which is easy to produce in the 
cooling process of an alloy molten metal, and came to hit preferential 
and that homogeneity can be advanced on an idea of a header and this 
invention for the crystal growth of the R2Fel4B mold compound phase 
which bears hard magnetic property. 

[0045] When Ti is not added, an alpha-Fe phase deposits in advance of a 
deposit and growth of Nd2Fel4 B phase, and it is easy to grow up. 
Therefore, in the phase which the heat-of-crystallization processing to 
a quenching alloy completed, the alpha-Fe phase of soft magnetism will 
make it big and rough. 

[0046] On the other hand, when Ti is added, in order that the kinetics 
(kinetics) of a deposit and growth of an alpha-Fe phase may become late 
and a deposit and growth may take time amount to it, before a deposit 
and growth of an alpha-Fe phase are completed, it is thought that a 



deposit and growth of Nd2Fel4 B phase begin. For this reason, before an 
alpha-Fe phase makes it big and rough, Nd2Fel4 B phase grows up to be 
the condition of having distributed to homogeneity greatly. It seems 
that moreover, the compatibility of Ti over B is strong and it is easy 
to be condensed in iron machine boride. When Ti and B join together 
strongly within iron machine boride, it is thought that Ti addition 
stabilizes iron machine boride. 

[0047] according to this invention, soft magnetism phases, such as iron 
machine boride and an alpha-Fe phase, are made detailed by work of Ti — 
both, Nd2Fel4 B phase distributes to homogeneity, and, moreover, the 
rate of a volume ratio of Nd2Fel4 B phase increases. Consequently, 
coercive force and magnetization (residual magnetic flux density) 
increase, and the square shape nature of a demagnetization curve 
improves. 

[0048] Hereafter, the iron machine rare earth alloy magnet of this 
invention is explained more to a detail. 

[0049] As for the iron machine rare earth alloy magnet of this invention, 
the empirical formula is suitably expressed by 100(Fel-mTm)-x-y-zQxRyMz. 
One or more sorts of elements chosen from the group which T becomes from 
Co and nickel here, one or more sorts of elements chosen from the group 
which Q becomes from B (boron) and C (carbon), one or more sorts of rare 
earth metal elements with which R does not contain La and Ce 
substantially, and M are at least one sort of metallic elements chosen 
from the group which consists of Ti, Zr, and Hf, and surely contain Ti. 
[0050] As for x which specifies a presentation ratio, and y, z and m, it 
is desirable respectively to satisfy 10< x<=20 atom %, y< 6 <=10 atom % 
0. K=z<=12 atom % and the relation of 0<=m<=0. 5. 
[0051] Level with the iron machine rare earth alloy magnet of this 
invention equivalent to the case where magnetization (residual magnetic 
flux density) does not add Ti by addition of Ti although the 
presentation ratio of rare earth elements is under the whole 10 atom % 
is maintained, or it increases, and the unexpected effectiveness that 
the square shape nature of a demagnetization curve improves is 
demonstrated. 

[0052] With the iron machine rare earth alloy magnet of this invention, 
since the size of a soft magnetism phase is detailed, even if each 
configuration phase joins together by the exchange interaction and iron 
machine boride and a soft magnetism phase like alpha-Fe exist in 
addition to the R2Fel4B mold compound phase of hard magnetism, it 
becomes possible to show the square shape nature of the demagnetization 
curve which was excellent as the whole alloy. 



[0053] The iron machine rare earth alloy magnet of this invention 
contains suitably the iron machine boride and alpha-Fe which have the 
saturation magnetization of an R2Fel4B mold compound phase, an EQC, or 
saturation magnetization higher than it. This iron machine boride is for 
example, Fe3B (saturation magnetization 1. 5T) and Fe23 B6 (saturation 
magnetization 1.6T). Here, the saturation magnetization of R2Fel4B is 
about 1.6T, and the saturation magnetization of alpha-Fe is 2. IT. 
[0054] Usually, although R2Fe 23B3 is generated when the presentation 
ratio x of B exceeds 10 atom % and the presentation ratio y of rare 
earth elements R is moreover in the range below 8 atom % more than 6 
atom % Even if it is the case where the raw material alloy in such 
presentation range is used, iron machine borides, such as R2Fel4B, and 
Fe23 B6, Fe3B, are generable instead of R2Fe 23B3 by adding Ti like this 
invention. Such iron machine borides are contributed to the improvement 
in magnetization. 

[0055] According to the experiment of this invention person, only when 
Ti was added, it turned out that unlike the case where the metal of 
other classes, such as V, Cr, Mn, Nb, and Mo, is added the fall of 
magnetization does not arise but magnetization improves rather for the 
first time. Moreover, when Ti was added, compared with other above- 
mentioned alloying elements, the square shape nature of a 
demagnetization curve became good especially. 

[0056] Moreover, such Ti addition effectiveness is notably demonstrated, 
when B concentration exceeds 10at(s)%. Hereafter, this point is 
explained, referring to drawing 1 . 

[0057] Drawing 1 is a graph which shows the relation of the maximum MAG 
energy-product (BH) max and boron concentration of the Nd-Fe-B magnet 
with which Ti is not added. A white bar shows the data of the sample 
containing 10 - 14at% Nd among a graph, and the black bar shows the data 
of the sample containing 8 - 10at% Nd. On the other hand, drawing 2 is a 
graph which shows the relation of the maximum MAG energy-product (BH) 
max and boron concentration of the Nd-Fe-B magnet with which Ti was 
added. A white bar shows the data of the sample containing 10 - 14at% Nd 
among a graph, and the black bar shows the data of the sample containing 
8 - 10at% Nd. 

[0058] By the sample by which Ti is not added, maximum MAG energy- 
product (BH) max is falling as boron increases irrespective of the 
content of Nd exceeding 10at(s)%, so that drawing 1 may show. Extent of 
this fall is large by the case where the content of Nd is 10 - 14at%. 
Such an inclination is known from the former and it has been thought 
desirable in the permanent magnet which makes Nd2Fel4 B phase the main 



phase to set the amount of boron as less than [ 10at% ]. For example, in 
a U.S. Pat. No. 4,836,868 number, boron concentration indicates a 5 - 
9. 5at% example, and less than [ more than 4at%12at% ] is taught as range 
where boron concentration is still more desirable, and it is teaching 
the range not more than more than 4at%10at% as more desirable range. 
[0059] On the other hand, by the sample by which Ti was added, maximum 
MAG energy-product (BH) max is improving in a certain range in which 
boron exceeds 10at(s)% so that drawing 2 may show. This improvement is 
remarkable especially when the content of Nd is 8 - 10at% 
[0060] Thus, according to this invention, if B concentration exceeds 
10at(s)%, it will become possible to acquire the effectiveness which 
cannot be expected by Ti addition from the Prior-art common sense that 
magnetic properties deteriorate. 

[0061] Next, the manufacture approach of the iron machine rare earth 
alloy magnet by this invention is explained. 

[0062] According to the manufacture approach of this invention, the 
molten metal of an iron machine alloy which has the aforementioned 
presentation is cooled in an inert atmosphere, and the quenching alloy 
which contains an R2Fel4B mold compound phase more than the whole 60 
volume % by it is produced. The average size of the R2Fel4B mold 
compound phase in a quenching alloy is 80nm or less. If it heat-treats 
to this quenching alloy if needed, the amorphous substance which 
remained in the quenching alloy can be crystallized. 
[0063] With a desirable operation gestalt, the above-mentioned alloy 
molten metal is cooled in the ambient atmosphere of 30 or more kPas of 
pressures. Thereby, even after separating from a cooling roller, in 
response to the secondary-cooling-of-concrete effectiveness by the 
controlled atmosphere, it contact to a cooling roller not only quenches 
an alloy molten metal, but is cooled appropriately. 

[0064] It is possible to control the condition of the alloy at the time 
of separating from a cooling roller by adjusting the rotation peripheral 
velocity of a cooling roller appropriately in the supercooled liquid 
condition, after the alloy of a supercooling condition separates from a 
cooling roller, by the controlled atmosphere, cooling of it is carried 
out and it is crystallized. 

[0065] The secondary-cooling-of-concrete effectiveness by the 
atmospheric-air controlled atmosphere is explained referring to drawing 
3 . Drawing 3 is a graph which shows typically the relation between the 
elapsed time (Time) from cooling process initiation, and alloy 
temperature (Temperature). The cooling path b of an alloy in case 
[ relatively low ] the cooling path a and ambient-gas-pressure force of 



an alloy in case [ relatively high ] the ambient-gas-pressure force 
exceeds 30kPa(s) are less than 30kPa(s) is shown in the graph, it 
combines, and the deposit field of an alpha-Fe phase, Nd2Fel4 B phase, 
and a Fe23 B6 phase is illustrated. Tm is the melting point of an alloy 
here and Tg is the glass transition temperature of an alloy. 
[0066] Since the big secondary-cool ing-of-concrete effectiveness by the 
controlled atmosphere cannot be expected when the pressure of a 
controlled atmosphere is low (cooling path b) that drawing 3 shows, 
rotational speed of a cooling roller is made high and the rate of 
quenching (primary cooling of concrete) by the cooling roller is 
relatively made high. After an alloy separates from the front face of a 
cooling roller, it is relatively cooled at a late rate by the controlled 
atmosphere (secondary cooling of concrete). The point with which the 
cooling path b has bent corresponds, when an alloy exfoliates from a 
cooling roller. 

[0067] On the other hand, when the pressure of a controlled atmosphere 
is relatively high (cooling path a), the cooling (secondary cooling of 
concrete) effectiveness by the controlled atmosphere becomes strong, and 
the time amount which passes through the field where Nd2Fel4 B phase is 
generated is shortened. For this reason, growth of Nd2Fel4 B phase is 
controlled and that from which detailed Nd2Fel4 B phase is obtained is 
presumed. 

[0068] Thus, if the ambient-gas-pressure force is made low so that it 
may be less than 30kPa, in order that the diameter of crystal grain of 
the R2Fel4B mold compound phase generated in a quenching alloy may make 
it big and rough, the magnet property finally acquired will deteriorate. 
[0069] On the contrary, if the pressure of a controlled atmosphere 
becomes high too much exceeding ordinary pressure (atmospheric pressure), 
the effect of the controlled atmosphere wound between an alloy molten 
metal and a cooling roller will become large, and sufficient cooling by 
the cooling roller will no longer be attained. Consequently, big and 
rough alpha-Fe deposits and good hard magnetic property is no longer 
obtained. 

[0070] According to the experiment of this invention person, as for the 
pressure of a controlled atmosphere, it is desirable at the time of 
quenching to control by 30 or more kPas moreover below at ordinary 
pressure (101.3kPa), and it is still more desirable to it to make it the 
30 or more kPas range of 90 or less kPa. The more desirable range is 40 
or more-kPa 60 or less kPa. 

[0071] Under the above-mentioned ambient-gas-pressure force, the range 
where roll surface peripheral velocity is desirable is 50m/second or 



less more than 4m (m/second) /second. When roll surface peripheral 
velocity becomes slower 4m /than a second, the crystal grain of the 
R2Fel4B mold compound phase contained in a quenching alloy will make it 
big and rough. Consequently, by heat treatment, an R2Fel4B mold compound 
phase may become still larger, and magnetic properties may deteriorate. 
[0072] On the other hand, if roll surface peripheral velocity becomes 
quicker 50m /than a second, it becomes amorphous and an R2Fel4B mold 
compound phase will be in the condition with a nearly perfect quenching 
alloy of hardly depositing. Therefore, in heat-of-crystallization 
processing, grain growth of an R2Fel4B mold compound phase is remarkable, 
and in order that an organization may ununiformity-ize, improvement in 
magnetic properties is not attained. 

[0073] According to the experiment, the still more desirable range of 
roll surface peripheral velocity is 5m/second or more 30m/second or less, 
and the still more desirable range is 5m/second or more 20m/second or 
less. 

[0074] In addition, in this invention, most big and rough alpha-Fe is 
not deposited in a quenching alloy, and the organization which has a 
detailed R2Fel4B mold compound phase or the organization which has a 
detailed R2Fel4B mold compound phase, and the organization where the 
amorphous phase was intermingled are produced. Thereby, the compound-die 
permanent magnet of the condition which soft magnetism phases, such as 
an iron machine boride phase, distributed minutely between hard 
magnetism phases (grain boundary), or the high performance which exists 
by the extended state thinly can be obtained after heat treatment. In 
addition, not only the phase constituted by only the part in which 
atomic arrangement carried out disordering to the "amorphous phase" in 
this specification completely but the phase which contains partially the 
precursor, the microcrystal (size: several nm or less), or the atomic 
cluster of crystallization shall be included. Specifically, the phase 
which can identify the crystal structure clearly neither by the X 
diffraction nor transmission electron microscope observation will be 
widely called an "amorphous phase. " 

[0075] If it was going to produce conventionally a quenching alloy which 
cools the alloy molten metal which has the presentation which is similar 
so that the target presentation of this invention, and contains an 
R2Fel4B mold compound phase more than 60 volume %, since the alloy 
organization where alpha-Fe deposited mostly would be obtained, there 
was a problem that alpha-Fe will make it big and rough by subsequent 
heat-of-crystallization processing. If soft magnetism phases, such as 
alpha-Fe, make it big and rough, a magnet property will deteriorate 



greatly and the permanent magnet which is equal to practical use will 
not be obtained at all. 

[0076] Like the raw material alloy presentation used especially by this 
invention, since it was the high amorphous generation ability which 
boron has when there are comparatively many contents of boron, even if 
it made the cooling rate of an alloy molten metal late, the crystal 
phase was hard to be generated. Therefore, if it is going to produce a 
rapid solidification alloy with which the cooling rate of an alloy 
molten metal is fully reduced, and the rate of a volume ratio of an 
R2Fel4B mold compound phase exceeds 60% according to the conventional 
technique, many alpha-Fe or its precursor deposited in addition to the 
R2Fel4B mold compound phase, by subsequent heat^of-crystallization 
processing, big and rough-ization of an alpha-Fe phase would advance, 
and the magnet property will have deteriorated greatly. 
[0077] In order to have increased the coercive force of a nano composite 
magnet conventionally from the above thing, the cooling rate of an alloy 
molten metal was raised, and after changing into the condition that most 
rapid solidification alloys are occupied with an amorphous phase, common 
sense that it is desirable forming the organization made detailed by 
homogeneity by heat-of-crystallization processing from the amorphous 
phase existed, this should perform crystallization from an amorphous 
phase by the heat treatment process which is easy to control, in order 
to obtain a nano composite with the alloy organization which the 
detailed crystal phase distributed — ** — it is because it thought. 
[0078] For this reason, after producing the rapid solidification alloy 
which makes an amorphous phase the main phase by adding La excellent in 
amorphous generation ability into a raw material alloy, and quenching 
the molten metal of that raw material alloy, Both Nd2Fel4 B phase and an 
alpha-Fe phase are deposited and grown up by heat-of-crystallization 
processing. The technique which makes [ about dozens of nm ] any phase 
detailed is reported (). [ wcChan, ] [ et. al. "THE EFFECTS OF REFRACTORY 
METALS ON THE MAGNETIC PROPERTIES ] OF a 1 pha-Fe/R2Fe 1 4B-TYPE 
NAN0C0MP0SITES", IEEE, Trans. Magn. No. 5, INTERMAG. 99, Kyongiu, Korea 
pp. 3265-3267, 1999. In addition, this paper is teaching the desirable 
thing, when that minute amount addition (2at%) of refractory metal 
elements, such as Ti, raises a magnet property and making the 
presentation ratio of Nd which is rare earth elements increase from 
9. 5at(s)% to 11.0at(s)% make detailed both Nd2Fel4 B phase and an alpha- 
Fe phase. Addition of the above-mentioned refractory metal controls 
generation of boride (R2Fe 23B3 and Fe3B), and it is performed in order 
to produce the magnet which consists only of 2 of Nd2Fel4 B phase and an 



alpha-Fe phase phases. 

[0079] On the other hand, in this invention, by work of Addition Ti, the 
deposit of an alpha-Fe phase can be suppressed at a rapid solidification 
process, and big and rough-ization of soft magnetism phases, such as 
iron machine boride in heat-of-crystallization down stream processing 
and an alpha-Fe phase, can be controlled further. 
[0080] According to this invention, using a raw material alloy with 
comparatively few (less than [ 9. 3at% ]) amounts of rare earth elements, 
magnetization (residual magnetic flux density) and coercive force are 
high, and the permanent magnet excellent also in the square shape nature 
of a demagnetization curve can be manufactured. 

[0081] As mentioned above, the increment in coercive force of the magnet 
by this invention is realized by having controlled big and rough-ization 
of a soft magnetism phase, depositing and growing up Nd2Fel4 B phase 
preferentially at a cooling process, and making the rate of a volume 
ratio of Nd2Fel4 B phase increase by it. moreover, the boron to which 
the increment in magnetization exists in a rapid solidification alloy by 
work of Ti — boride phases, such as ferromagnetic iron machine boride, 
are generated from a rich nonmagnetic amorphous phase, and it is thought 
that it was obtained since the rate of a volume ratio of the nonmagnetic 
amorphous phase which remains after heat-of-crystallization processing 
was decreased. 

[0082] It is desirable to form the organization containing three or more 
kinds of crystal phases which perform heat-of-crystallization processing 
and contain an R2Fel4B mold compound phase, a boride phase, and an 
alpha-Fe phase to the quenching alloy obtained as mentioned above if 
needed. During this organization, the diameter of average crystal grain 
of an R2Fel4B mold compound phase adjusts heat treatment temperature and 
time amount so that the diameter of average crystal grain of 200nm or 
less and the boride phase of lOnm or more, and an alpha-Fe phase may be 
set to lnm or more 50nm or less. Although the diameter of average 
crystal grain of an R2Fel4B mold compound phase is usually set to 30nm 
or more, it is set to 50nm or more depending on conditions. The diameter 
of average crystal grain of soft magnetism phases, such as a boride 
phase and an alpha-Fe phase, is set to 30nm or less in many cases, and 
becomes only the magnitude of several nm typically. 
[0083] The diameter of average crystal grain of the R2Fel4B mold 
compound phase in a final magnet is larger than the diameter of average 
crystal grain of an alpha-Fe phase. Drawing 4 shows the metal texture of 
this magnet in the ** type. The detailed soft magnetism phase 
distributes and exists between big R2Fel4B mold compound phases 



relatively so that drawing 4 may show. Thus, since the average size of a 
soft magnetism phase is small enough, each configuration phase joins 
together by the exchange interaction, consequently the magnetization 
direction of a soft magnetism phase is restrained by the hard magnetism 
phase even if it is the case that the average size of an R2Fel4B mold 
compound phase is comparatively large, it becomes possible to show the 
square shape nature of the demagnetization curve which was excellent as 
the whole alloy. 

[0084] It is thought that it is for combining with the element of the 
others [ boron / this ] in heat-of-crystallization processing since the 
amorphous phase which exists in a quenching alloy if the coagulation 
alloy whose R2Fel4B mold compound phase, as for the reason boride is 
easy to be generated as mentioned above when based on the manufacture 
approach of this invention, occupies most is produced will surely 
contain boron superfluously, and depositing and becoming easy to grow up. 
However, if the boron contained in the amorphous phase before heat 
treatment and other elements join together and the low compound of 
magnetization is generated, magnetization will fall as the whole magnet. 
[0085] According to the experiment of this invention person, only when 
Ti was added, it turned out that unlike the case where the metal of 
other classes, such as V, Cr, Mn, Nb, and Mo, is added the fall of 
magnetization does not arise but magnetization improves rather. Moreover, 
when M (especially Ti) was added, compared with other above-mentioned 
alloying elements, the square shape nature of a demagnetization curve 
became good especially. When controlling generation of the low boride of 
magnetization from these things, Ti is considered to carry out important 
work especially. Especially when there are little boron and Ti among the 
presentation range of the raw material alloy used by this invention in 
comparison, the iron machine boride phase which has ferromagnetism by 
heat treatment tends to deposit. In this case, since the rate of a 
volume ratio of a nonmagnetic amorphous phase which remains after heat- 
of-crystallization processing decreases as a result of incorporating the 
boron contained in a nonmagnetic amorphous phase in iron machine boride, 
and a ferromagnetic crystal phase increases, it is thought that a 
residual magnetic flux density Br improves. 

[0086] Hereafter, this point is explained more to a detail, referring to 
drawing 5 . 

[0087] Drawing 5 is drawing showing typically the change of a detailed 
organization in the crystallization process of the rapid solidification 
alloy at the time of replacing with Ti and adding Nb etc. , when Ti is 
added. When Ti is added, grain growth of each configuration phase is 



controlled in the temperature field higher than the temperature to which 
alpha-Fe deposits, and the outstanding hard magnetic property is 
maintained. On the other hand, when metallic elements, such as Nb, V, 
and Cr, are added, as a result of grain growth of each configuration 
phase advancing remarkably in a comparatively high temperature field in 
which alpha-Fe deposits and the switched connection of each 
configuration phase becoming weaker, the square shape nature of a 
demagnetization curve falls greatly. 

[0088] First, the case where Nb, Mo, and W are added is explained. In 
this case, if it heat-treats in the comparatively low temperature field 
in which alpha-Fe does not deposit, it is possible to obtain the good 
hard magnetic property excellent in the square shape nature of a 
demagnetization curve. However, with the alloy which heat-treated at 
such temperature, it is presumed that the R2Fel4B mold fine crystal 
phase distributes and exists in a nonmagnetic amorphous phase, and the 
configuration of a nano composite magnet is not formed. Furthermore, if 
it heat-treats at high temperature, an alpha-Fe phase deposits out of an 
amorphous phase. Unlike the case where Ti is added, after a deposit, 
this alpha-Fe phase grows rapidly and is made big and rough. For this 
reason, the switched connection of each configuration interphase becomes 
weak, and the square shape nature of a demagnetization curve will 
deteriorate greatly. 

[0089] On the other hand, when Ti is added, by heat treatment, the nano 
composite structure containing an R2Fel4B mold crystal phase, an iron 
machine boride phase, an alpha-Fe phase, and an amorphous phase is 
acquired, and it is made detailed to each configuration phase or 
homogeneity. Moreover, when Ti is added, growth of an alpha-Fe phase is 
controlled. 

[0090] Since these addition metals dissolve to Fe and combine with Fe in 
antiferromagnetism when V and Cr are added, magnetization will fall 
greatly. Moreover, when V and Cr are added, the grain growth 
accompanying heat treatment is not fully controlled, but the square 
shape nature of a demagnetization curve deteriorates. 

[0091] Thus, only when Ti is added, big and rough-ization of an alpha-Fe 
phase is controlled appropriately, and it becomes possible to form 
ferromagnetic iron machine boride. Furthermore, in order for Ti to delay 
crystallization of Fe primary phase (gamma-Fe which metamorphoses into 
alpha-Fe behind) at the time, of liquid quenching, to consider as the 
element which makes generation of a supercooled liquid easy and to carry 
out important work with boron and carbon, It becomes possible to produce 
the quenching alloy with which an R2Fel4B mold crystal phase and an 



amorphous phase are intermingled, without depositing alpha-Fe greatly, 
even if it makes the cooling rate at the time of quenching an alloy 
molten metal into the comparatively low value of 102 degrees C/second - 
about 105 degrees C/second. Especially this is important for low-cost- 
izing in order to enable adoption of the strip cast method for having 
been suitable for mass production out of various melt quenching methods. 
[0092] As an approach of quenching an alloy molten metal and obtaining a 
raw material alloy, the strip cast method for pouring out a molten metal 
from tundish on a cooling roller directly; without performing control of 
flow of the molten metal by the nozzle orifice has high productivity, 
and is an approach that a manufacturing cost is low. In order to make 
amorphous the molten metal of a R-Fe-B system rare earth alloy in the 
cooling rate range which can be attained also by the strip cast method, 
it is usually necessary to add B (boron) more than 10 atom %. Thus, 
since the Nd2Fe23B three phase circuit which is the others, big and 
rough alpha-Fe, and the soft magnetism phase of un-nature magnetism 
deposits after performing heat-of-crystallization processing to a 
quenching alloy when many B is added, a homogeneous fine crystal 
organization is not obtained. [ phase / amorphous ] Consequently, the 
rate of a volume ratio of a ferromagnetic phase falls, and the sharp 
fall of coercive force is invited by the fall of magnetization, and 
decline in the rate of an abundance ratio of Nd2Fel4 B phase. However, 
if Ti is added like this invention, since the phenomenon mentioned above 
will be observed, magnetization improves unexpectedly. 
[0093] In addition, a high thing tends to acquire a more final [ a 
magnet / be /, rather than the case where a quenching alloy contains 
many amorphous phases / it / in the condition that many Nd2Fel4 B phases 
are included ] property. As for the rate of a volume ratio of the 
Nd2Fel4 B phase occupied in a rapid solidification alloy, becoming more 
than 60 volume % is specifically desirable more than the whole one half. 
The value these 60 volume % is measured by Messbauer spectrum 
spectroscopy. 

[0094] The whole quantity consists of B (boron), or the [reason for 
limitation of a presentation] Q consists of combination of B and C 
(carbon). As for the rate rate of an atomic ratio of C to the total 
amount of Q, it is desirable that it is 0.25 or less. 
[0095] If the presentation ratio x of Q becomes below 10 atom %, it 
becomes difficult to produce the quenching alloy with which an R2Fel4B 
mold crystal phase and an amorphous phase are intermingled, and when the 
cooling rate at the time of quenching is comparatively low in 102 
degrees C/second - about 105 degrees C/[ a second and ], even if it 



heat-treats after that, only HcJ of less than 480 kA/m will be obtained. 
Moreover, also in a melt quenching method, it becomes impossible for 
process costs to adopt the comparatively cheap strip cast method, and 
the price of a permanent magnet will rise. On the other hand, if the 
presentation ratio x of Q exceeds 20 atom %, since the rate of an 
abundance ratio of alpha-Fe which has the highest saturation 
magnetization in a configuration phase to the increase of the rate of 
the volume ratio of the amorphous phase in which after heat-of- 
crystallization processing remains, and coincidence will decrease, a 
residual magnetic flux density Br will fall. It is desirable to set up 
so that the presentation ratio x of Q may exceed 10 atom % and it may 
consist of the above thing below 20 atom %. The range of the more 
desirable presentation ratio x is below 17 atom % more than 10 atom %. 
[0096] R is one or more sorts of elements chosen from the group of rare 
earth elements (Y is included). If La or Ce exists, since coercive force 
and square shape nature will deteriorate, it is desirable that La and Ce 
are not included substantially. However, when La and Ce (below 0. 5 
atom %) of a minute amount exist as an impurity mixed unescapable, it is 
satisfactory on magnetic properties. Therefore, when it contains La and 
Ce below 0. 5 atom %, it can be said that neither La nor Ce is included 
substantially. 

[0097] As for R, it is desirable that Pr or Nd is included as an 
essential element, and, more specifically, it may permute a part of the 
essential element by Dy and/or Tb. When the presentation ratio y of R 
becomes under the whole 6 atom %, the compound phase which has the 
R2Fel4B mold crystal structure required for the manifestation of 
coercive force does not fully deposit, but it becomes impossible to 
acquire the coercive force HcJ of 480 or more kA/m. Moreover, if the 
presentation ratio y of R becomes more than 10 atom %, the iron machine 
boride which has f erromagnetism, and the abundance of alpha-Fe will fall. 
Therefore, as for the presentation ratio y of rare earth elements R, it 
is desirable to adjust the more than range under of 10 atom %, for 
example, 6 atom %, below to 9. 5 atom % more than 6 atom %. The range of 
more desirable R is below 9. 3 atom % more than 8 atom %, and the range 
of most desirable R is below 9.0 atom % more than 8.3 atom %. 
[0098] The addition metallic element M makes Ti indispensable, and may 
contain Zr and/or Hf further. Ti is an indispensable element in order to 
acquire the effectiveness mentioned above, it contributes to the 
improvement of the improvement in coercive force HcJ and a residual 
magnetic flux density Br, and the square shape nature of a 
demagnetization curve, and raises maximum energy product (BH) max. 



[0099] If the presentation ratio z of a metallic element M becomes under 
the whole 0.5 atom %, the effectiveness of Ti addition will not fully be 
discovered. On the other hand, if the presentation ratio z of a metallic 
element M exceeds the whole 12 atom %, since the rate of a volume ratio 
of the amorphous phase in which after heat-of-crystallization processing 
remains will increase, it is easy to invite the fall of a residual 
magnetic flux density Br. As for the presentation ratio z of the above 
thing to the metallic element M, it is desirable to consider as the 
range below 12 atom % more than 0. 5 atom %. The minimum of the range of 
more desirable z is 1. 0 atoms %, and the upper limit of the range of 
more desirable z is 8. 0 atoms %. Furthermore, the upper limit of the 
range of desirable z is 6. 0 atoms %. 

[0100] Moreover, since the amorphous phase which contains Q (for example, 
boron) superfluously is easy to be formed so that the presentation ratio 
x of Q is high, it is desirable to make high the presentation ratio z of 
a metallic element M. It is specifically desirable to adjust a 
presentation ratio so that z/x>=0. 1 may be satisfied, and it is more 
desirable to satisfy z/x>=0. 15. 

[0101] In addition, in order that Ti may carry out desirable work 
especially, as for a metallic element M, it is desirable that Ti is 
surely included. In this case, it is desirable that it is [ of Ti to the 
whole metallic element M ] 70% or more comparatively (rate of an atomic 
ratio), and it is still more desirable that it is 90% or more. 
[0102] Although Fe occupies the content remainder of an above-mentioned 
element, even if it permutes a part of Fe by a kind of Co and nickel, or 
two sorts of transition-metals elements (T), it can obtain desired hard 
magnetic property. If the amount of permutations of T to Fe exceeds 50%, 
the high residual magnetic flux density Br beyond 0. 7T will not be 
obtained. For this reason, as for the amount of permutations, it is 
desirable to limit to 50% or less of range 0% or more. In addition, 
since the Curie temperature of R2Fel4 B phase rises while the square 
shape nature of a demagnetization curve improves by permuting a part of 
Fe by Co, thermal resistance improves. The range where the amount of Fe 
permutations by Co is desirable is 40% or less 0.5% or more. 
[0103] Next, the desirable operation gestalt of this invention is 
explained. 

[0104] With a [liquid quenching equipment] book operation gestalt, a raw 
material alloy is manufactured using the quenching equipment shown in 
drawing 6 , for example. In order to prevent oxidation of the raw 
material alloy containing the rare earth elements R and Fe which are 
easy to oxidize, an alloy production process is performed in an inert 



gas ambient atmosphere. As inert gas, rare gas and nitrogen, such as 
helium or an argon, can be used. In addition, as for nitrogen, it is 
desirable to use rare gas, such as helium or an argon, in order to tend 
to react in comparison with rare earth elements R. 
[0105] The equipment of drawing 6 held the vacuum or the inert gas 
ambient atmosphere, and is equipped with the dissolution room 1 and the 
quenching room 2 of the raw material alloy which can adjust the pressure. 
Drawing 6 (a) is a whole block diagram, and drawing 6 (b) is some 
enlarged drawings. 

[0106] As shown in drawing 6 (a), the dissolution room 1 is equipped 
with the fusion furnace 3 which dissolves the raw material 20 blended so 
that it might become a desired magnet alloy presentation at an elevated 
temperature, the hot~water~storing container 4 which has the tapping 
nozzle 5 at the pars basilaris ossis occipitalis, and the combination 
feeding equipment 8 for supplying a feed ingredient in a fusion furnace 

3, controlling atmospheric penetration. The hot-water-storing container 
4 stores the molten metal 21 of a raw material alloy, and has the 
heating apparatus (un-illustrating) which can maintain the tapping 
temperature on predetermined level. 

[0107] The quenching room 2 is equipped with the rotation cooling roller 
7 for carrying out the rapid solidification of the molten metal 21 which 
came out of the tapping nozzle 5. 

[0108] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 
predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b 
and 8b, and the flueing openings la, 2a, and 8a are formed in the 
suitable part of equipment. Especially flueing opening 2a is connected 
to the pump in order to control the absolute pressure in the quenching 
room 2 within the limits of 30kPa(s) - ordinary pressure (atmospheric 
pressure) . 

[0109] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 
hot-water-storing container 4. 

[0110] The tapping nozzle 5 of the hot-water-storing container 4 is 
arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 

4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. 0mm. With 
this operation gestalt, when the viscosity of a molten metal 21 is large, 
although a molten metal 21 stops being able to flow easily in the inside 



of the tapping nozzle 5, in order to hold the quenching room 2 in the 
pressure condition lower than the dissolution room 1, differential 
pressure is formed between the dissolution room 1 and the quenching room 
2, and tapping of a molten metal 21 is performed smoothly. 
[0111] A cooling roller 7 may be formed from aluminum alloy from the 
point of thermal conductivity, a copper alloy, carbon steel, brass, W 
and Mo, and bronze. However, it is desirable to form from the alloy 
which contains Cu, Fe or Cu, and Fe from a viewpoint of a mechanical . 
strength and economical efficiency. If a cooling roller is produced with 
ingredients other than Cu or Fe, since the detachability over the 
cooling roller of a quenching alloy will worsen, it is [ a possibility 
that a quenching alloy may coil around a roll ] and is not desirable. 
The diameter of a cooling roller 7 is 300-500mm. The water-cooled 
capacity of a water cooler established in the cooling roller 7 is 
computed and adjusted according to the coagulation latent heat and the 
amount of tapping per unit time amount. 

[0112] According to the equipment shown in drawing 6 , the rapid 
solidification of a total of the 10kg raw material alloy can be carried 
out, for example in 10 - 20 minutes. In this way, the formed quenching 
alloy serves as the alloy thin band (thickness : 10-300micrometer and 
width-of-face:2mm-3mm) (alloy ribbon) 22. 

[0113] [Melt quenching method] The molten metal 21 of the raw material 
alloy expressed with the above-mentioned empirical formula is produced 
first, and it stores in the hot-water-storing container 4 of the 
dissolution room 1 of drawing 6 . Next, tapping of this molten metal 21 
is carried out from tjie tapping nozzle 5 on the water-cooled roll 7 in a 
reduced pressure Ar ambient atmosphere, and contact to a cooling roller 
7 quenches it, and it is solidified. It is necessary to use the approach 
of controlling a cooling rate with high precision as the rapid 
solidification approach. 

[0114] In the case of this operation gestalt, it is desirable to carry 
out a cooling rate on the occasion of the cooling coagulation of a 
molten metal 21 in 1x102 to 1x108 degrees C/second, and it is still more 
desirable to carry out in 1x104 to 1x106 degrees C/second. 
[0115] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after an 
alloy contacts the periphery front face of the rotating cooling roller 7 
until it separates, and between them, the temperature of an alloy falls 
and will be in a supercooled liquid condition. Then, the alloy of a 
supercooling condition separates from a cooling roller 7, and flies the 
inside of an inert atmosphere. As a result of heat' s being taken by the 



controlled atmosphere while the alloy is flying with thin band-like one, 
the temperature falls further. In this invention, since the pressure of 
a controlled atmosphere is set up within the limits of 30kPa(s) - 
ordinary pressure, the cooling effectiveness by the controlled 
atmosphere can become strong, and a Nd2Fel4B mold compound can be 
deposited and grown up uniformly minutely into an alloy. In addition, 
when the elements M, such as a suitable quantity of Ti, are not added in 
a raw material alloy, in order that alpha-Fe may deposit and grow 
preferentially, a final magnet property will deteriorate in the 
quenching alloy which passed through a cooling process which was 
mentioned above. 

[0116] With this operation gestalt, in order to adjust roll surface 
velocity a second within the limits of 10m /or more 30m/second or less 
and to heighten the secondary-cool ing-of-concrete effectiveness by the 
controlled atmosphere, the quenching alloy which contains a detailed 
R2Fel4B mold compound phase with a mean particle diameter of 80nm or 
less more than 60 volume % is produced by setting the ambient-gas- 
pressure force to 30 or more kPas. 

[0117] In addition, the quenching method of an alloy molten metal used 
by this invention may not be limited to the above-mentioned piece 
rolling method, but may be the congruence rolling method, the gas 
atomizing method, the strip cast method that is an approach of not 
performing control of flow by the nozzle or the orifice, a cooling 
method which combined the rolling method and the gas atomizing method 
further. 

[0118] Also in the above-mentioned quenching method, the cooling rate of 
the strip cast method is comparatively low, and is 102-105 degrees 
C/second. With this operation gestalt, by adding a suitable quantity of 
Ti into an alloy, even when based on the strip cast method, the 
quenching alloy with which the organization which does not contain Fe 
primary phase occupies most can be formed. Since process costs are below 
one half extent of other melt quenching methods, the strip cast method 
is effective when producing a lot of quenching alloys compared with the 
piece rolling method, and is a technique suitable for fertilization. 
Since the metal texture containing many Fe primary phases generates even 
if it forms a quenching alloy using the strip cast method when not 
adding Element M to a raw material alloy, or when Cr, V, Mn, Mo, Ta, 
and/or W are added instead of Element Ti, a desired metal texture cannot 
be formed. 

[0119] With [heat treatment] book operation gestalt, heat treatment is 
performed in an argon ambient atmosphere. Preferably, a programming rate 



is carried out in 5 degrees C/second - 20 degrees C/second, and at 550- 
degree-C or more temperature of 850 degrees C or less, 30 seconds or 
more, after [ 20 or less minutes ] carrying out time amount maintenance, 
it cools to a room temperature. Of this heat treatment, into an 
amorphous phase, the fine crystal of a metastable phase deposits and 
grows and nano composite organization is formed. According to this 
invention, it is at the initiation time of heat treatment, and since the 
detailed Nd2Fel4B mold crystal phase has already existed more than the 
whole 60 volume %, big and rough-ization of an alpha~Fe phase or other 
crystal phases is controlled, and each configuration phase other than a 
Nd2Fel4B mold crystal phase (soft magnetism phase) is made detailed by 
homogeneity. 

[0120] In addition, if heat treatment temperature is less than 550 
degrees C, many amorphous phases may remain and after heat treatment may 
not reach level with sufficient coercive force depending on quenching 
conditions. Moreover, if heat treatment temperature exceeds 850 degrees 
C, grain growth of each configuration phase will be remarkable, a 
residual magnetic flux density Br will fall, and the square shape nature 
of a demagnetization curve will deteriorate. For this reason, although 
550 degrees C or more 850 degrees C or less of heat treatment 
temperature are desirable, the range of more desirable heat treatment 
temperature is 570 degrees C or more 820 degrees C or less. 
[0121] In this invention, it deposits uniformly [ the Nd2Fel4B mold 
compound phase of amount sufficient in a quenching alloy ], and minutely 
for the secondary-cooling-of-concrete effectiveness by the controlled 
atmosphere. For this reason, even when not daring perform heat~of- 
crystallization processing to a quenching alloy, the rapid 
solidification alloy itself can demonstrate sufficient magnet property. 
Therefore, although heat-of-crystallization processing is not a process 
indispensable to this invention, in order for it to be improvement in a 
magnet property to perform this, it is desirable. In addition, it is 
possible for heat treatment of low temperature to also fully raise a 
magnet property as compared with the former. 

[0122] A heat treatment ambient atmosphere has a desirable inert gas 
ambient atmosphere in order to prevent oxidation of an alloy. 0. You may 
heat-treat in the vacuum of 1 or less kPa. 

[0123] In the quenching alloy before heat treatment, metastable phases, 
such as Fe3 B phase, Fe23 B6, and an R2Fe23B three phase circuit, may be 
contained in addition to the R2Fel4B mold compound phase and the 
amorphous phase. In that case, by heat treatment, an R2Fe23B three phase 
circuit can disappear, and can carry out crystal growth of the iron 



machine boride (for example, Fe23 B6) and alpha-Fe which show the 
saturation magnetization of R2Fel4 B phase, equivalent, or saturation 
magnetization higher than it. 

[0124] Even if a soft magnetism phase like alpha-Fe finally exists in 
the case of this invention, in order that a soft magnetism phase and a 
hard magnetism phase may join together magnetically by the exchange 
interaction, outstanding magnetic properties are demonstrated. 
[0125] The diameter of average crystal grain of the R2Fel4B mold 
compound phase after heat treatment needs to be set to 300nm or less 
which is uniaxial crystal particle size, it is. desirable that it is 
[ 20nm or more ] 150nm or less, and it is still more desirable that it 
is [ 20nm or more ] lOOnm or less. On the other hand, if the diameter of 
average crystal grain of a boride phase or an alpha-Fe phase exceeds 
50nm, since the exchange interaction committed to each configuration 
interphase will become weaker and the square shape nature of a 
demagnetization curve will deteriorate, (BH) max will fall. If these 
diameters of average crystal grain are less than lnm, it becomes 
impossible to acquire high coercive force. As for the diameter of 
average crystal grain of soft magnetism phases, such as a boride phase 
from the above thing, and an alpha-Fe phase, it is desirable that it is 
[ lnm or more ] 50nm or less, and it is still more desirable that it is 
30nm or less. 

[0126] In addition, the thin band of a quenching alloy may be coarsely 
cut or ground before heat treatment. 

[0127] If the obtained magnet is pulverized, after heat treatment and 
magnet powder (magnetic powder) is produced, various bond magnets can be 
manufactured according to a well-known process from the magnetic powder. 
When producing a bond magnet, it is mixed with an epoxy resin or Nylon 
and iron machine rare earth alloy magnetic powder is fabricated by the 
desired configuration. At this time, other magnetic powder, for example, 
Sm-Fe-N system magnetic powder, and hard ferrite magnetic powder of a 
class may be mixed to nano composite magnetic powder. 
[0128] Various kinds of rotating machines, such as a motor and an 
actuator, can be manufactured using an above-mentioned bond magnet. 
[0129] When using the ****** end of this invention for injection-molding 
bond magnets, it is desirable to grind so that average grain size may be 
set to 200 micrometers or less, and the mean particle diameter of more 
desirable powder is 30 micrometers or more 150 micrometers or less. 
Moreover, when using for compression-molding bond magnets, it is 
desirable to grind so that grain size may be set to 300 micrometers or 
less, and the mean particle diameter of more desirable powder is 30 



micrometers or more 250 micrometers or less. Still more preferably, it 
has two peaks in particle size distribution, and mean particle diameter 
is in 50 micrometers or more 200 micrometers or less. 
[0130] In addition, regardless of the shaping approach, the moldability 
at the time of bond magnet shaping, the corrosion resistance of the bond 
magnet obtained, and thermal resistance are improvable by performing 
surface preparation, such as coupling processing, chemical conversion, 
and plating, on the surface of powder. Moreover, as well as powdered 
surface preparation when surface preparation, such as resin paint, and 
chemical conversion, plating, is performed to the bond magnet front face 
after shaping, the corrosion resistance and thermal resistance of a bond 
magnet can be improved. 
[0131] 

[Example] First, the presentation ratio x of Q and the presentation 
ratio z of M explain the example and the example of a comparison with 
which it is satisfied of x< 10<15 atom % and 0. Kz<10 atom %, 
respectively. 

[0132] Weighing capacity was carried out so that a total amount might 
become 30g using the ingredient of B, C, Fe, Co, Ti, Nd, Pr, Tb, and Dy 
of 99. 5% or more of purity about each of a sample (No. l~No. 12) which has 
the presentation shown in Table 1, and it supplied in the quartz 
crucible. Here, sample No. l~No. 8 are equivalent to the example of this 
invention, and sample No. 9~No. 12 are equivalent to the example of a 
comparison. 
[0133] 
[Table l] 
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[0134] In Table 1, it is shown that "B7+C4" of the column currently 
displayed as "Q" added B (boron) of 7 atom % and C (carbon) of 4 atom %, 



and it is shown that "Nd3+Pr3" of the column currently displayed as "R" 
added »Nd of 3 atom % and Pr of 3 atom %. 

[0135] Since the quartz crucible used for molten metal production has 
the orifice with a diameter of 0.8mm at the pars basilaris ossis 
occipitalis, after dissolving within a quartz crucible, the above- 
mentioned raw material serves as an alloy molten metal, and will be 
caudad dropped from an orifice. The pressure performed the dissolution 
of a raw material using the high-frequency-heating method to the bottom 
of the argon ambient atmosphere of 1.33kPa(s). In this example, molten 
metal temperature was set as 1500 degrees C. 

[0136] The molten metal was made to blow off to the peripheral face of 
the copper roll in the location of 0.7mm of lower parts of an orifice by 
pressurizing the surface of hot water of an alloy molten metal by Ar gas 
of 26. 7kPa(s). A roll rotates at high speed, while the interior is 
cooled so that the temperature of the peripheral face may be maintained 
by room temperature extent. For this reason, the alloy molten metal 
dropped from the orifice will be flown in the peripheral-velocity 
direction, contacting a roll peripheral surface and heat being taken. 
Since an alloy molten metal is continuously dropped on a roll peripheral 
surface through an orifice, the alloy solidified by quenching will have 
the gestalt of the ribbon (width of face: 2-3mm, thickness : 20- 
50micrometer) prolonged for. a long time in thin band-like one. 
[0137] In the case of the roll kneader method (the single rolling 
method) adopted by this example, a cooling rate is prescribed by roll 
peripheral velocity and the amount of molten metal flowing down per unit 
time amount. It depends for this amount of molten metal flowing down on 
the diameter of an orifice (cross section), and the molten-metal- 
pressure force. In this example, the diameter of 0.8mm and the molten- 
metal-pressure force were set to 26. 7kPa(s), and the flowing-down rate 
was set for the orifice as a part for about 0. 5-lkg/. 

[0138] Roll peripheral velocity was considered as the passage of Table 1. 
[0139] Next, the quenching alloy of No. 1-No. 12 was heat-treated in Ar 
gas. After specifically holding each quenching alloy for 6 minutes with 
the heat treatment temperature shown in the rightmost column of Table 1, 
it cooled to the room temperature. Then, the magnetic properties of each 
sample were measured using the oscillatory type magnetometer. The 
following table 2 shows this measurement result. 
[0140] 
[Table 2] 
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[0141] As shown in Table 2, the magnetic properties of an example were 
extremely excellent as compared with the magnetic properties of the 
example of a comparison. Moreover, when Ti was added and the 
presentation ratio y of rare-earth-elements R (Nd) separated from the 
range of 6 <=y<10 atom %, the Ti addition effectiveness of the formation 
of homogeneity detailed of an organization was not fully demonstrated, 
but the fall of a residual magnetic flux density Br arose notably. 
[0142] Drawing 7 shows the demagnetization curve of the sample (example) 
of No. 2 and No. 3, and the sample (example of a comparison) of No. 11. The 
axis of ordinate of the graph of drawing 7 shows magnetization, and the 
axis of abscissa shows the reinforcement of a demagnetizing field. The 
square shape nature of the demagnetization curve of an example is very 
good as compared with the square shape nature of the example of a 
comparison so that drawing 7 may show. In the case of the example of a 
comparison, since the diameter of crystal grain is large, it is thought 
that square shape nature deteriorated. 

[0143] Next, the configuration phase was investigated with the 
characteristic X ray of Cu-Kalpha about each sample of an example. 
Consequently, in addition to the R2Fel4 B phase, existence of a Fe23 B6 
phase and an alpha-Fe phase was checked. On the other hand, in the case 
of the sample (example of a comparison) of No. 9 and No. 10, it turned out 
that the R2Fel4B mold compound phase which is hard magnetism is not 
checked, but the organization which consists of R2Fe 23B3 which is a 
soft magnetism phase, and alpha-Fe is formed. Moreover, although the 
mixed organization which consists of alpha-Fe which is the R2Fel4 B 
phase and soft magnetism phase which are a hard magnetism phase was 
formed by the sample (example of a comparison) of No. 11, ferromagnetic 



iron machine boride was not able to be checked. 

[0144] Drawing 8 shows the X diffraction pattern after heat treatment of 
the sample (example) of No. 2 and No. 3, and the sample (example of a 
comparison) of No. 11. The axis of ordinate of the graph of drawing 8 
shows diffraction reinforcement, and the axis of abscissa shows whenever 
[ angle-of-dif fraction ]. 

[0145] In the example, the metal texture which consisted of Nd2Fel4 B 
phase, an alpha~Fe phase, and a Fe23 B6 phase was formed so that drawing 
8 might show. On the other hand, in the example of a comparison, only 
Nd2Fel4 B phase and an alpha-Fe phase are observed, but it is thought 
that B exists superfluously all over an alloy organization. 
[0146] In addition, about each sample of No. 1-No. 8, as a result of 
investigating the metal texture after heat treatment with a transmission 
electron microscope, any sample had the nano crystalline structure of 
lOnm - 25nm or less of diameters of average crystal grain. Moreover, 
although a part of Ti had permuted by Fe in each configuration phase 
when the atom probe analyzed the sample of No. 2, the great portion of Ti 
existed in the grain boundary. 

[0147] Next, the presentation ratio x of Q and the presentation ratio z 
of M explain the example with which it is satisfied of 15<=x<=20 atom % 
and 3. 0<z<12 atom %, respectively, and the example of reference which is 
not satisfied. 

[0148] Weighing capacity was carried out so that a total amount might 
become 30g g using the ingredient of B, C, Fe, Co, Ti, and Nd of 99. 5% 
or more of purity about each of a sample (No. 13~No. 19) which has the 
presentation shown in Table 3, and it supplied in the quartz crucible. 
[0149] 
[Table 3] 
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[0150] In Table 3, it is shown that "Ti8" of the column currently 
displayed as "M" added Ti of 8 atom %, and it is shown that the display 
of "-" has not added Ti. 

[0151] The rapid solidification process was performed by the approach 



same also about sample No. 13-19 as the conditions over the above- 
mentioned sample No. 1-12. 

[0152] In this way, any sample was an amorphous alloy when the 
characteristic X ray of CuKalpha investigated the organization of a 
quenching alloy which got. The reason which was amorphous has 
comparatively high B concentration in an alloy, and is because it was 
easy to make it amorphous. 

[0153] Next, the quenching alloy of No. 12-No. 19 was heat-treated in Ar 
gas. After specifically holding each quenching alloy for 6 minutes with 
the heat treatment temperature shown in the rightmost column of Table 3, 
it cooled to the room temperature. Then, the magnetic properties of each 
sample were measured using the oscillatory type magnetometer. The 
following table 4 shows this measurement result. 
[0154] 
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[0155] As shown in Table 4, the magnetic properties of the sample of 
No. 13-16 were excellent as compared with the magnetic properties of the 
sample (example of reference) of No. 17-19. 

[0156] Drawing 9 shows the demagnetization curve of the sample of No. 13 
and No. 17. The axis of ordinate of the graph of drawing 9 shows 
magnetization, and the axis of abscissa shows the reinforcement of a 
demagnetizing field. The square shape nature of the demagnetization 
curve of the sample of No. 13 is very good as compared with the square 
shape nature of the sample of No. 17 so that drawing 9 may show. 
[0157] Drawing 10 and drawing 11 show the X diffraction pattern before 
and behind heat treatment of the sample of No. 13 and No. 17, respectively. 
[0158] In the case of the example which added Ti, with the alloy before 
heat treatment (as-spun), the diffraction peak which shows crystallinity 
is not observed so that drawing 10 may show, but after performing heat 
treatment for 6 minutes at 660 degrees C, the diffraction peak which 
shows generation of a compound phase with the Nd2Fel4B mold crystal 



structure is observed. That reinforcement is not large although the 
diffraction peak of an alpha-Fe phase is also observed at this time. 
When heat treatment temperature is 780 degrees C, the reinforcement of 
the diffraction peak of an alpha-Fe phase is increasing relatively, and 
it is presumed that the crystallization temperature of an alpha-Fe phase 
is higher than the crystallization temperature of Nd2Fel4B. 
[0159] On the other hand, after performing heat treatment for 6 minutes 
at 600 degrees C as shown in drawing 11 when Ti is not added, the 
diffraction peak which shows generation of a compound phase with the 
Nd2Fel4B mold crystal structure was not observed, but the diffraction 
peak of an alpha-Fe phase was observed clearly. This shows that the 
alpha-Fe phase is depositing and growing before crystallization of 
Nd2Fel4 B phase. When heat treatment temperature is 780 degrees C, the 
reinforcement of the diffraction peak of an alpha-Fe phase became very 
strong, and big and rough-ization of an alpha-Fe phase has arisen. 
[0160] Thus, when the presentation ratio x of Q is more than 15 atom %, 
it is desirable to make [ more ] the presentation ratio z of M than 3.0. 
[0161] Next, the molten metal which changed quenching ambient pressure 
and roll surface velocity was cooled about the alloy which has the 
presentation of Nd9Fe78.7B10.3Ti2 (at%). 

[0162] Since the quartz crucible used for molten metal production has 
the orifice with a diameter of 0.8mm at the pars basilaris ossis 
occipitalis, after dissolving within a quartz crucible, the above- 
mentioned raw material serves as an alloy molten metal, and will be 
caudad dropped from an orifice. The pressure performed the dissolution 
of a raw material using the high-frequency-heating method to the bottom 
of the argon ambient atmosphere of 1.33kPa(s). In this example, molten 
metal temperature was set as 1500 degrees C. 

[0163] It was made to flow down a molten metal to the peripheral face of 
the copper roll in the location of 0.7mm of lower parts of an orifice by 
pressurizing the surface of hot water of an alloy molten metal by Ar gas 
of 26. 7kPa(s). Other conditions are the same as that of the case of the 
example mentioned above almost. 

[0164] In this example, as shown in the following table 5, the quenching 
ambient pressure force, roll surface velocity, and heat treatment 
temperature were changed. 
[0165] 
[Table 5] 
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[0166] The characteristic X ray of Cu~Kalpha investigated the 
organization of the quenching alloy produced by the above-mentioned melt 
quenching method. By the sample of No. 20-25, the Nd2Fel4 B phase all 
checked being contained more than the whole 60 volume % by TEM 
(transmission electron microscope). Moreover, an alpha-Fe phase and 
existence of Fe 23B3 were also observed in addition to the Nd2Fel4 B 
phase. Drawing 12 shows the X diffraction pattern of the sample of No. 21. 
The profile indicated to be "as-spun" is the X diffraction pattern of 
the quenching alloy before heat-of-crystallization processing among 
drawing 12 . Moreover, the X diffraction pattern after the heat~of~ 
crystallization processing mentioned later is also shown in drawing 12 . 
[0167] Although the diffraction peak by Nd2Fel4 B phase, the alpha-Fe 
phase, and the Fe23 B6 phase was checked by the sample of No. 26, by the 
sample of No. 27, only the halo pattern was observed and the strong 
diffraction peak by the alpha-Fe phase and few diffraction peaks by 
Nd2Fel4 B phase were observed in sample No. 28. In addition, in the case 
of sample No. 26, many amorphous phases existed. 

[0168] Next, the quenching alloy of No. 20~No. 26 was heat-treated in Ar 
gas. After specifically holding each quenching alloy for 6 minutes with 
the heat treatment temperature shown in the rightmost column of the 
above-mentioned table 5, it cooled to the room temperature. Then, the 
magnetic properties of each sample were measured using the oscillatory 
type magnetometer. The following table 6 shows this measurement result. 
[0169] 
[Table 6] 
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[0170] As shown in Table 6, by the sample of No. 20-25, the hard magnetic 
property which was excellent in residual magnetic flux density Br^O. 85T, 
proper coercive force HcJ>=480 kA/m, and maximum energy product (BH) 
max>=120 kj/m3 was obtained. 

[0171] Drawing 13 shows the demagnetization curve of the sample of No. 21, 
and the sample of No. 26. The axis of ordinate of the graph of drawing 13 
shows magnetization, and the axis of abscissa shows the reinforcement of 
a demagnetizing field. The square shape nature of the demagnetization 
curve of the sample of No. 21 is very good as compared with the square 
shape nature of the sample of No. 26 so that drawing 13 R> 3 may show. In 
the case of the sample of No. 26, since the diameter of crystal grain is 
large, it is thought that square shape nature has deteriorated. 
[0172] Next, about each sample of the example after heat treatment, the 
configuration phase was investigated using the characteristic X ray of 
Cu-Kalpha, and crystal size was measured using TEM. Consequently, the 
diameter of average crystal grain of R2Fel4 B phase was in the range of 
20-100nm, and the diameter of average crystal grain of an alpha-Fe phase 
and an iron machine boride phase was in the range of 10-50nm. 
[0173] On the other hand, in the case of the sample of No. 26 and No. 28, 
the difference was not produced in the class of configuration phase 
before and after heat treatment, but in the case of sample No. 27, in 
addition to the R2Fel4B mold compound phase, a deposit and growth of an 
alpha-Fe phase and Fe23 B6 were checked. 

[0174] It is desirable to set quenching ambient pressure to 30 or more 
kPas from the above thing, and when setting a quenching ambient 
atmosphere to 30 or more kPas, it is desirable to carry out [ second ] 
roll surface velocity a second in 10m /or more 30m /or less. 
[0175] 

[Effect of the Invention] According to this invention, the permanent 
magnet which demonstrates the magnetic properties in which coercive 



force and magnetization were enough highly excellent is obtained by 
performing quenching of the alloy molten metal which added Ti, reducing 
the amount of rare earth elements required for a magnet. 
[0176] Moreover, in case a quenching alloy is produced by adding Ti 
using a melt quenching method according to this invention, even if it 
reduces a cooling rate, the deposit of the alpha-Fe phase at the time of 
a liquid cooling process is controlled. Therefore, a cooling rate is 
comparatively slow like the strip cast method, and since it becomes 
possible to use the melt quenching method suitable for fertilization, it 
is very effective in reduction of a manufacturing cost. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation of the maximum MAG 
energy-product (BH) max and boron concentration of the Nd-Fe~B nano 
composite magnet with which Ti is not added. A white bar shows the data 
of the sample containing 10 - 14at% Nd among a graph, and the black bar 
shows the data of the sample containing 8 - 10at% Nd. 
[Drawing 2] It is the graph which shows the relation of the maximum MAG 
energy-product (BH) max and boron concentration of the Nd-Fe~B nano 
composite magnet with which Ti was added. A white bar shows the data of 
the sample containing 10 - 14at% Nd among a graph, and the black bar 
shows the data of the sample containing 8 - 10at% Nd. 
[Drawing 3] It is drawing showing the secondary-cool ing-of-concrete 
effectiveness by the atmospheric-air controlled atmosphere. An axis of 
abscissa shows the elapsed time (Time) from cooling process initiation, 
and the axis of ordinate shows the temperature (Temperature) of the 
alloy currently cooled. 



[Drawing 4] It is the mimetic diagram showing the R2Fel4B mold compound 
phase and (Fe, Ti)-B phase in a magnet by this invention. 
[Drawing 5] When Ti is added, it is drawing showing typically the change 
of a detailed organization in the crystallization process of the rapid 
solidification alloy at the time of replacing with Ti and adding Nb etc. 
[Drawing 6] (a) is the sectional view showing the whole equipment 
example of a configuration used for the approach of manufacturing the 
quenching alloy for the iron machine rare earth alloy magnet by this 
invention, and (b) is an enlarged drawing of a part with which rapid 
solidification is performed. 

[Drawing 7] It is the graph which shows the demagnetization curve of the 
sample (example) of No. 2 and No. 3, and the sample (example of a 
comparison) of No. 11. 

[Drawing 8] It is the graph which shows the X diffraction pattern after 
heat treatment of the sample of No. 2 and No. 3, and the sample of No. 11. 
[Drawing 9] It is the graph which shows the demagnetization curve of the 
sample of No. 14 and No. 19. 

[Drawing 10] It is the graph which shows the X diffraction pattern 
before and behind heat treatment of No. 14. 

[Drawing 11] It is the graph which shows the X diffraction pattern 
before and behind heat treatment of the sample of No. 19. 
[Drawing 12] It is the graph which shows the X diffraction pattern in 
the quenching alloy (before heat-of-crystallization processing) of the 
sample of No. 21, and the X diffraction pattern after heat-of- 
crystallization processing (640-degree-C 6 minutes). An axis of ordinate 
is the reinforcement (Intensity) of a diffraction peak, and an axis of 
abscissa is whenever [ angle-of-diffraction ]. 

[Drawing 13] It is the graph which shows the demagnetization curve of 
the sample of No. 21, and the sample of No. 26. 
[Description of Notations] 

lb, 2b, 8b and 9b Controlled atmosphere feed hopper 
la, 2a, 8a, and 9a Flueing opening 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Rotation Cooling Roller 

21 Molten Metal 

22 Alloy Thin Band 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 10] 
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[Drawing 11] 
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[Drawing 12] 




[Drawing 13] 
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